1) -B_eneficiary_
A, PhaseI

- Irr1gat10n Ex1stmg Bang Pakong area (12 700ha of 1rr1gable area) |
: Bang Pakong Fxpansmn area (2 000 ha of 1rr1gab1e area)’

| 'B.. _Phé,se-II. ' - |
. Irrigation : Existing Tha'Lat area (22 100 ha (ﬁ‘ irmg’é!ble area)
: Tha Lat Expansion area (8,140 ha of irr 1gab1e area)
2) : Major Facahtles .
A, Phase a0
e Common Féc111t1es Bang Pakong dxversmn daﬁ

- Irugatmn Syster ; Pumpmg station, main canal and related

o ' structures, drainage excavation and
rehabilitation of regulating structures in the
subject irrigable area

B. Phase-1I
- Common Facilities : Khlong Si Yat dam

- Irrigation canals ; Rehabilitétioﬁ]cbﬁsﬁfuétion' of. méih and lateral |
canals as well as related structures in ‘the subject
irrigable area

The project area is located between Bangkok Metropolitan and
Eastern Seaboard area as their hinterland. Regional development of the
vicinity of the Project area is quite remarkable, especially in the industrial
sector.

The government of Thailand decided recently to accelerate water
resources development as well as infrastructural develapment in the said
region.

10-2-2. Optimum Construction Schedule

The major work items of the Project consist of the survey/investigation
and design, tender procedures inclusive of preparation of tender documents,
construction works, procurement of C&M equipments, assistance for
construction of on-farm facilities including agricultural extension services, and
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éo'nsulting services. The time schedule of the respective work items is made
“based on the concept as follow, and the project implementation schedule is
proposed as shown in Flgure 10-2.

1) Survey,_lnvest:gat:qn and Design

Detailed tbp'o'graphic. surveys and geological investigations for
' proposed storage dams, diversion dam and main canal systems should be
started in the first pro;ect year. :

_ The detaﬂed desngn and preparatmn of the tender documents should

' 'preferably be completed within the previous fiscal year of commencement of
construction works. Therefore, the design work schedule shall be established in
advance of the ‘construction schedule. Preparation of tender document shall
also be completed i in parallel with design works.

2) Con"s_tru_cti_on Séhqdule I

The construction works will be undertaken on contract basis following
the current governmental pohcy, and will be commenced from the middle of the
second project year, taking into consideration the above-mentioned pre-

_construction works. Itis proposed to complete the Project construction works in
five years taking into account the Project volume and its construction schedule,
staffing capacity of RID, tendency of the budgetary support in Baht and so
forth, -

"3) - Procurement of O&M Equipment

_ Procui*e'me_ht of operation and maintenance equipments will start from
the sixth project year, and inspection and inland transportation to the site shall
be completed within the same project year.

4) Technical 'Coopefative Service

' Technical cooperative services such as design and construction of on-

farm famhtles assistance for establishment of irrigators’ association and

agrlcultural extengion services will be rendered from the second project year. It

i desirable to continue such services even after the completion of the project
works,

5) Consultirig Services

. The consultmg services to assist the Thai effimals concerned in design,
preparatmn of ‘tender documents and agricultural supporting services shall
“start at the begmnmg of the first project year, and the consultants personnel
both foreign and local will render services up o provisional takeover of the
completed facilities.
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10-3. Operatlon and Mamtenance
10 3 1 Orgamzatlon for Operatlen and Mazntenance

Under the chalrmanshlp of RID water users assec1atmn shall be
estabhshed in order to_ manage water dlstrlbutlon ‘matters. The proposed-
orgamzatmn for operatlen and: mamtenance is shown in Fzgure 10 3

Three 1rr1gat10n systems are set up for the proposed Pro;ect The"
proposed orgamzatlons for operation: and- mamtenance of respectlve systems
are 1llustrated in Flgures 10-4,10-5 and 10 6 S

The system office manager w111 be fully respon51b1e for overall '
'eperatlon and maintenance of the system faclhtles under the control of the
Dlrector Regmnal Irrlgatlon Office 9. : :

o Each system has four sectlons 1n charge of admmlstratlon, water
control service, engineering service and mechamcal engineering. Irrlgation
system is d1v1ded into several area managmg sections which are composed of
some zone managmg units. The area managmg section will be responSIble for
the service area of 5,000 ha ~7,000 ha more or less. The zone managing unit
will be respon31b1e for the area of around 1 ,000 ha more or less :

The area managing SeCtIOIl is controlled by water master under the
management of the system manager, The zone managing unit is r_:ontroll_e_d_ by
- a zone man with the assistance of several water tenders and canal tenders.

10-3-2. Operation and Maintenance Management

_ The System Operation Manager will be responsible to make formal
and additional reports to the Director of Regional Irrigation Office No.9,
Chonburi, regarding the irrigation schedule and facilities maintenance plan,
and also responsible to control/review the various works on water utilization
programming, repairing and improving of facilities, and so forth.

The Administration Section will be in charge of general matters
inclusive of budgeting, accounting, personnel affairs and management of the
office properties. The Mechanlcal Section will be responsible for operation and
maintenance of equipments and vehicles, etc., under the office, and formulate a
plan for mobilization of equlpments The'Englneerlng Section will be
‘responsible for survey, design, constructlon and improvement of canals and

ege, 0 -
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FIGURE 10-3 ORGANIZATSON OF OPERATION AND MAINTENANCE

‘ RID
Water Management “1EAT, MOI
- Commiitee 'PWA, PWD, MO
o EGAT, MOST
CRD
Director General
Water Operation RID Deputy D.G
Board ' forO &M
RIDO&M | | Regional Office IX IEAT O/M PWAO/M | | EGAT O/M
Division Director Director Office Office Office
| E?ang. Pal;ong . ‘_r}:ua L:t- y S.I Yat Bang Plaeng
rrtgatl.or.\ ystem mgatlor? ystem rngatlor? System Pakong Yao
Office Qffice Office
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" The Water Control Service Secetion will be responsible to. carry out
~water management and general O& M of the facilities based on the 0 & M
guid'e}ine m'entioned below; :

"The Water Masters asmgned to the storage dams, diversion dam,
pumpmg station and each area managing section will be responsible for-
guidance and supervise the zonemen and common irrigators in the respective
areas in charge.

The major tasks are shown below;

i) In consulfation with the Water Control Service Section staff, to
determine an irrigation requirement in the area.

ii) To measure and control the water to be supplied at the diversion
pomts s0 as to meet the water requlrement keepmg the losses at a
minimum.

iii) To prepare water release schedule and rules based on the
irrigation requirements and cropping patterns furnished by the
other Water Masters. (duty of the Water Master in charge of 0&
M of the dams and pumping station)

iv) To measure and record the discharges at major distribution points
on the supply basis, and prepare discharge data so as to

materialize a proper water management systems.

Zonemeh and Common Irrigators should assist Water Master in
carrying out proper water distribution in the area in charge and in giving
guidances to farmers’ groups.

10-3-3. Water Management Plan of the Tha Lat River Basin
1) Outline of the Water Storage Facilities and Water Demands/Supply
A) Water Resou rces Development Plan in the Basin

As d1scussed previous chapter in the overall basm study, the water
resource development plan in the Bang Pakong river basin was divided into
three phases by the target year of 2000. The said plan has 12 storage reservoirs
with total effective storage volume of 2,304 MCM and the systems can be
supplied raw water of about 3,953 MCM per annum to the beneficiaries.
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- Annual av'ailable watef. of about, 787 MOM By the said stor .age- facility
and natural river runoff from the river basin can be provided to the respectlve
water consumers of irrigation, 1ndustry, drinking water and other sectors.

The development scheme of the Tha: Lat river basm consists of -
following constructmn works as ﬁrst phase prt)Ject in the Bang Pakong river
basin. L _ _

Effective S’cbrle_‘g.e Capacity :

Facility S MeM) " Completion
Raboi Storage Dam N 400 S 1990
Khlong Si Yat Storage Dam - 3000 - S 1997

. Bang Pakong Diversion Dam _ ' 30.0 1995

B) Water §upply Requiremen't-

The beneficiaries of the prq;ect and period of raw water supply are
summarized as follows:

.- Supply Period

Beneficiary :
Required Period _ From Storage Facility
Irrigation Year round_. excopt - TIrrigation period -
June, December
Industry, Drinking - :
Fishery, EGAT ~ Yearround Mainly dry season

C) River Runoff Pattern in the Bang Pakong river Basin

River water level at the proposed Bang Pakong diversion dami is being
fluctuated between (+4) 1.00 m and ( - ) 1.00 m above mean sea level (MSL)
affecting tidal movement. On the other hand, the water level of upstream of
the river will gradually rise up based on river runoff increase with rather
complicated function of tidal movement. :

Fluctuation of river water level will be affected bjr in flowing disch’arge
from several number of tributaries, river dikes and cross section of the river,
ﬂat farm land along the river channel other than above mentioned SItuatmns

D) Function of the Bang Pakong Dwerszon Dam
Function of the Bang Pakong dwerswn dam which will be COhstrﬁCted

at the site of arcund 70 km upstream from the river mouth are summarued as
follows;

10-16



- Toprevent saline water intrusion in dry season and change water
_ quahty to fresh water.,

. To store/regulate raw water from storage dams and upstream of
- theriverin dry season based on the water management guideline.

- Operation of the gate on diversion dam, as a rule, will be made
taking into account of salinity contents of raw water, preservation
of fish family, and it will be full open in ramy season and be close

Cindry season. - :

- Durmg the transmon penod between rainy season and dry season
.' (mainly, May to June and November to December), the control
~water level at the upstream of diversion damsite will be controlled

by double leafroller gates.

- Control water level at the upstream of diversion damsite shall be
(+) 1.00 m MSL as maximum and (- ) 1.00 m MSL as minimum.

2) Water Management Plan
A) Bas:c Concept of the Plan

The Pro_lect will be implemented dwnimg into two phases taking mto
consideration of urgency of water demands and actual construction period.
Water management plan, therefore, should be established two phases such as
tentative and final plan, respectively.

Tentative Plan : Major water resources
- Rabom storage reservoir
- BangPakong diversion dam
Beneficiaries
- Irrigable area of 14,700 ha in Bang Pakong
left bank area
: : - Industry, domestic water, fishery and EGAT
Final Plan : In addition to the above, Major water resources
- Khlong Si Yat reservoir
Beneficiaries ‘ _
- Irrigable area of 30,500 ha in Tha Lat area
- Industry and domestlc water

These water management plans should be prepared in consideration of
flood control and water utilization of the river, impact of social, natural and
environmental aspects in the river basin. '
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B) -Water Management Facullty and Arrangement of lnformation

‘Since the magor intake facxhty for respeetwe water users concentrate '
at and around the proposed diversion dam; control system on water
management for the Project shall be prcvxded at the proposed diversion
damsite. Water release from the Rabom and Khlong S8i Yat dam’ will be made
depending upon. the dwersmn dam to keep water level of +) 1 00 m MSL more
or Jess. ‘ -

There 1is some amounts of river runoff from upstream of the diversion
dam durmg transition permd of rainy and dry season. Therefore, when
imbalance between water demand and supply occurs, adjustment of water
release from the storage dams and control gate operation at the diversion
damsite will be needed after receiving more detail information on the
meteorological and hydrologlcal data and evaluating those data and.
mformatlon

The follomng mformatmns, as a minimum requlrement shall be
collected at appropriate sites and locations.

- Meteorological and hydrological data/information, such as
rainfall, water level at gauging station and discharge at gauging
station of NYI in Nakhon Nayok, 3 in Prachin river basin, and
reservoir site of Rabom and Khlong Si Yat Tha Lat dwersmn weir
and proposed dlversmn damsxte

- Record on the released discharge and spﬂlage at Rabum and
Khlong Si Yat damsites.

- Water requirement from beneficiaries.

- Other information related to the operation and maintenance of the
 facility. '

C) Control Water Level at Upstream of Proposed Diversion Dam
As mentioned in the previoué sectioh on the water balanée s'_tu'dy, the

control water level at upstream of proposed diversion dam are basically as
follows. :

- Highest control water level : (+) 1,00 m MSL

- Lowest control water level ; (-)1.00 m MSL :
- Control water level at transition period: (+)0.00m MSL .

- Rainy season : Full open of the gates
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D) Operat'ion Rule of the Gate at DiVersidn Dam

~ Specifications of the gates are 3 units of flood way gates and 2 units of
double leaf type control gates with 30 m span, respectively. The control gates
will be operated during transition period based on the results of
analysis/evaluation on the meteorological and hydrological data/information
collected from the key station in the entire river basin. Operation concepts for
the system are safety and easy from the viewpoint of technical and operational

aspects.
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CHAPTER 11. COST ESTIMATE

11-1.  Basic Concept on Cost Estimate
11-1-1. Basic Coﬁcept

The constructmn works will be conducted on contract basis depending
on the governmental pohcles currently enforced in Thailand. The whole
construction works con31st1ng of “Direct Work” conducted by the national
government and “Indirect Work” managed by beneficial farmers group are
proposed to be completed within 6.0 years for Phase I Project and 6.5 years for
Phase II Project, -which are estimated taking into account the quantity of
works, budgetary support and staffing capability of RID.

- The project cost comprises the cost of preparatory work, construction,
land acquisition, procurement of O & M equipments, administration, survey
and geological investigation, engineering services as well as physical and price
contingencies.

‘The unit cost for construction works includes construction materials,
labour and equipment to be used, overhead charges, taxes and profit for the
contractor. The cost is estimated on the basis of the prices and manner
employed by RID,

As regards foreign and local cui‘rency portions for the major
construction materials, the following rates are applied:

Foreign Local
Materials Currency Currency

. . (%) (%)
Cement 60 " 40
Reinforeement Bar 70 30
Fuel and Gil 80 20
Timber - 20 80
Explosive 80 20
Depreciation for Equipment 70 30
Steel Production 90 10

Labour:* . 0 - 100

The basis of applied unit cost is Thai fiscal year 1990 prices.
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11-1-2.

Details of Project Cost

1) Preparatory Work

_ Preparatory work consasts of the construction cost of office bulldmg, E
- gquaters, garage, warchouse and other necessary appur_te_nant fac_zl_ﬂ_;les

2) Constru«:ti'on Cost

This item 1nc1udes the construction costs for- the PrOJect whmh are
estimated based on the respective unit costs mcludmg constructmn materials,
fuel and oil, labour, and depreciation: and. repairing costs of the constructmn '
equipment, The civil works are composed of the followmgs, '

A) Phase [ Project

Diversion Dam: comprises excavation work of dambody,

foundation treatment, concrete work of dambody, installation of

gates, river bed protection, dike protection, connecting bridge,

excavation of diversion channel, construction of closure dam and -
connecting road.

Pumping Station: comprises suction and ds.scharge basin, pump
house, pumping plants and related dev1ces '

Main 'Canal: comprises intake canal, diversion work, left main
canal, right main canal, check gates and other facilities, head
gates and appurtenant structures.

Drainage Canal: comprises the drainage excavation and
regulating gates

B) Phase Il Project

Storage Dam: comprises diversion tunnel, foundation treatment,
embankment of dambody, spillway, intake faclhty, and access
road )

Diversion Weir: comprises improvement of weir, installation of
rubber gate and related devices.

Tha Lat Irrigation System: comprises improvement of main and
lateral canals, improvement of related structures such as siphon,
culvert, check ete., head gate and appurtenant facilities, turn-out,
ete. :
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- 8i Yat Irrigation System: comprises construction of main and
~ lateral canals, appurtenant structures, head gates and turn-out,
ete. '

3) Land Acquisition

This item includes the cost required to puréhase or compensate the
land to be occupied by the proposed diversion dam, storage dam and reservoir,
main and lateral canals, pumping station, etc., and also to promote
reforestation of adjacent area outside of the new reservoir, and the resettlement
cost for the inhabitants within the proposed reservoir area.

4) Operation and Maintenance Equipment

This item includes procurement of equipment for the post project

‘operation/maintenance such as motor grader, backhoe, truckerane, truck and

vehicles ete, The cost of equipment and spare parts is estimated based on CIF
Bangkok including inland transportation cost of them.

5) Survey and Geological'lnvéstigation

This item includes the cost for topographical survey, geological
mvestlgatwn and analysm

B) Admimstratlon Cost

_ This item includes remuneration for the personnel of the project
organization, fuel and oil for the projeet office, purchase of office equipment and
materials, ete.

7) Engineering Services

This cost includes consulting fees for detailed design of the proposed
facilities and construction supervision, survey and investigation cost to he
undertaken by RID and the cost for overseas training of the governmental
officials concerned. It is estimated at about 10% of the above mentioned
construction cost taking into account the actual costs requlred in the similar
pleeCtS .

8) Phys:cal Contingency

The allocation of contingency is made to cover minor differences
between the actual and estimated quantities, unexpected difficulties in
~construction works and so forth. The contingency equivalent to 10% of the
- above-mentioned items has been employed.
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19) Price Escalation

: o The annual rate for the forelgn curr ency is based on the G- 5 '
_ Manufactures Exported Goods Index, IBRD, According the mentioned data, the
- annual rate of 1991 is expected at 1.43%, it will become 5 18% in 1995 and
4,37% in 1998 ' : . o

Whlle the annual rate for the Iocal currency is assumed as 5.3%
dependmg on the CPIratio of 6.5% during 1985 ~1990 (Flrst quater), it will be
expected at stable ratio of 4, 5% in 1998,

11-2. Investment Cost
11 -2-1 Tota! lnvestment Cost

The total pruject cost for both the Dlrect and Indlrect Progect mcludmg
the cost for price escalation but excluding the interest durmg the construction
period, is estimated at 3,999 million Baht (equlvalent to US$155 million) which
is composed of 2,215 million Baht of ferelgn currency cornponent and 1,784
million Baht of local currency component for the Phase I Project, while 4,804
million Baht (equlvalent to US$186 million) which is camposed of 1,980 million
Baht of foreign currency component and 2,824 mllhon Baht of local component
for the Phase I Project.

~ The total investment cost for both of the Phase Projects is 8,803 million
Baht (equivalent to US$ 341 million) which is composed of about 4,195 million
Baht of foreign currency component and about 4,608 million Baht of local
currency component. The summary of the Project Cost is shown in Table 11- 1
and the detail isshown in 'I‘able 11-2,

11-2-2. Disbursement Schedule

The dlsbursement schedule for both the dlrect and lndlrect project cost
is estimated as shown in Table 11-3 depending on the investment schedule of
the Projects. And detailed schedules for the Phase I Progect and the Phase H
Project are shown in Table 11-4 and Tabie 11-5,



TABLE11-1 SUMMARY OF PROJECT COST
' B ' - Unit : Million baht

Work Description ___ PhaseI Project Phasell Project Tatal

A, Diréct Project Cost - - : :
- L.Preparatory Work - : 20 26 46

2. Construction Cost . o 2,160 1,943 4103

3. Land Acquisition / Resettlement 375 580 1,055

4.0 & M Equipment - 11 11 22

5. 'Survey and Investigation 24 15 39
6. Administration Cost = ' 106 130 236

_ 1. Engineering Service 218 194 - 410

8. Physical Contingency 201 299 590

- Total(1-8) 3,203 3,298 6,501

9. Price Escalation - 474 803 1,277

" Total(1-9) ' 3,677 4,101 7,778

' B. Indirect Project Cost

1. Construction Cost 220 452 672

- 2. Engineering Cost 26 54 80
3. Physical Contingency . 25 50 5
Total(1-3) ) 271 556 827

4. Price Escalation 51 147 198
Total(1-4) . : 322 703 1,025

Grand Total (A+B) 3,999 4,804 8,803

Forcign Currency (2,215) (1,980) (4,195)
Local Currency (1,784) (2,324) (4,608)
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 CHAPTER 12. PROJECT JUSTIFICATION

12-1. General
12:9-1. General Concept

_ The project Justlficatmn ismade through the study of progect feambﬂlty
from ecenomlc, ﬁnancxal and socio-economic aspects,

_ The economlc feas1b111ty is studled by calculatmg the economic
_ 1nterna1 rate of return (EIRR). Sensmwty analysis is made in order to
elu_c1da_te the economic viability of the project against the changes in prices,
delayin im’plementation , cost overrun, and target yield behind.

Financial analysis is made by typical farm budget analysis and cost
recovery mcludmg ;;omt cost allocation,

_ The socio-economic impacts from the implementation of the Project are
treated in intangible benefit study.

'1241-_2., Beheficiaries

" In order to decide optlmum ‘scale of water resources development in
Bang Pakong river basin, economic justification for four cases of alternative
irrigation plans was carried out in using the cost-benefit ratio method. The
~ alternative irrigation plan-2 mcludmg the Tha Lat River basin development
project (the Feasibility study Project) was selected as the optimum plan., Asa
result, the plan recommended is the alternative-2 in which water demand by
four beneficiaries of irrigation with crop intensity of 150%, industry, drinking
and fishery meets to the full reservoir capacities of the Bang Pakong diversion
dam (30 MCM), Si Yat (300 MCM) and Rabom (4¢ MCM) dams.

- The results from the alternative study have been led to selection of the
proposed development for an area of 42,500 ha (265,625 rai) of irrigable area,
water demand for fishery, domestic and industry of 19.1, 16,9 and 180.0 MCM
respectlvely The beneficiaries include around 14,800 farm- household,
domestic water user of about 310,000 persons, Bang Pakong Industrial Estate
with 1,600 ha (10,000 rai) and Plaeng Yao Industrial Estate with 1,600 ha
(10,000 rai) and some small factories.
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. The irrigable areas of 42 500 ha are d1v1ded mto four sub prOJect areas,.
Existing Bang Pakorig area of 12,300 ha, Bang Pakong Expansmn area of 2,000
ha, Existing Tha Lat area of 21,100 ha and Tha Lat Expan_smn area of 7, 100 ha.

12-2. Methodology

In advante of analysxs for pro;;ect justification, the tollowmg basic
factors are taken mto conmderatmn - -

1y - The pro;ect 1mplement‘at10n schedule is dwxded 1nto two phases The
project period of each phase will be six (6) to six and half (6.5) years
including one-half to two (2) years for detailed demgn and five (5) years
“for tender/construction works, "As 1mplementatlon of {two phases is
overlapped the construction period of total progects wﬂl be seven and

half (7.5) years.
2) * The economic life of the project will be 50 years
3) All prices are expressed in constant price thh ﬁscal year of 1990 in
_Thalland ‘ | : o
4) The exchange rate of US$1.00 = 25.80 baht =¥ 155 on an average for
: a period from April 1 to June 30, 1990 is used throughout, the study.
5) Economic justiﬁcetion for project is niade on the a'gi'ieultoral sector
: including fisheries, and on the other seetors including mdustrlal and
drinking water. :
6) Economic justification in the agricultural sector including fisheries is

made on Phas'e-l, Phase-II and _o‘vera',ll project, respectively.

7) . Astentative case, economic justification is studied on tentative Phase-
I exclusive of water volume to be supplemented from Si Yat dam.

12-2-1.. Economic Analysis

Economlc analysis on project Justlﬁcatlon is started by deternunmg of
economic values obtained through adjustment of financial prices. Adjusting
financial prices to economic value are divided into two steps: (1) adjustment for
direct transfer payment, (2) adJustrnent for price dlstortlons

As the first step, the direct transfer payment is eliminated in adgustmg '
financial prices to economic values. The common transfer payment is taxes,
direct subsidies, and credit transactions that include loans, repayment of
principal and 1nterest payment, The direct transfer payment is payments that

12-2



represent not the use of real reseurces but only the transfer of claims to real
resources from one person in the society to another.,

_ As the second. step, _ﬁhe financial price of any goods or services is
changed to the shadow price. The shadow price is estlmated through
adgustment of financlal pnces to economic values, :

Goods and servmes related to preject costs-and to benefits are d1v1ded
by traded items and non-traded items.

_ . .The prices for traded gopds in project analysis are represented as the

CIF prices for imports and the FOB prices for exports in using the international
currency unit. These prices are considered as shadow prices without price
distortion. - The 'prlcés are forecasted in 1995 as miid year and in 2000 target
year.. Financial prices for non-traded goods are adjusted to economic
price/border price in order to eliminate price distortion.

1) Conversion Factors

‘The Standard Conversion Factor of 0.92 is applied to the price of non-
" traded goods and services. This figure is recommended by IBRD o be adopted
in Thailand. The conversion factors by sectors are 0.94 for consumption goods,
0.84 for capital goods, 0.90 for construction and 0.87 for transportation.

- 2) Economlc Prices for Agricultural Inputs and Outputs

For rice, maize, soybean and fertilizers of traded goods, IBRD
forecasted an international market prices in the year of 2000 in the Office
Memorandum, the Half-July revision of commeodity price forecasting and
quarterly review of commodity markets - June 1989,

~ And the economic prices of input and output materials mentioned
‘above are estimated on the basis of the prices forecasted by IBRD. (Ref. to
Appendix I-3-1)

Mungbean and cagsava are also traded goods. Their economic prices
are estlmated on the basis of up-dated OB, Bangkok,

The financial pnces of non-traded goods excluding labor are converted
toan equlvalent border price in using Standard Conversion Factor.

3) Economrc Opportunity Cost of Farm Labor

- Pricing of farm labor is the assessment of the opportunlty cost. The
opportunities are categonzed into four opporfunities, the opportunity for off-
farm employment, (Point A), the farm work season as usual (non-peak period
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(Point B}, the full. employment peak perlod (Pomt C) and an: attractlve :
opportumty to be hir ed in labor market outsxde the PrOJect area (Point D),

The margmal opportumty cost of labor supphed fer farm work in the
PrOJect areacan be represented by an “S- shaped curve” which is drawn by using
the marginal opportunlty cost estimated at four’ point correspondito four
opportunities mentloned above. The marginal opportumty cost is estlmated at
eight Baht of Point A, 33 Baht of Point B, 66 baht of Point C'and 100 baht of
Point D. Shadow wage rate is estimated at 45% (30 Baht/66 Baht) (Ref. to -
AppendlxI 3- 2) '

4) Constructlon Conversmn Factor

The Conversmn Factor for construction cost is represented at 0. 90 as -
mentioned above.. This Conversion Factor is able to broken to figures by ecost
component by usmg conversion factor of transfer payment and unskllled labor.

5) Valuing Land

, The opportunity cost of land is the net value of production forgone
when the use of the land is changed from its thhout—pro;ect use to its w1th—
projectuse. : : _ :

12-2-2. . Financial Analy's:is

The subjects studied in the financial analysis are farm budget
analysis, cost recovery and joint cost allocation.

1) Farm Budget Anaiysm

Farm budget analys1s is started by selectlon of typ1ca1 farms by sub-
prq]ect area. Cropping system in both sub- pro;ect area of Existing Bang
Pakong and Bang Pakong Expansion are the same orchard production area, On
the other hand, though main crop in Existing Tha Lat area is paddy, those in
Tha Lat Expansion area are paddy and orchard. Hence, typical farms are
selected from three sub-project area of Existing Bang Pakong, Existing Tha Lat
and Tha Lat Expansion. Average size of typical farm is estlmated based on the
Socio-economic data in 1987, NSO, : :

Net farm income with/without the project are obtained by deduction of
production cost from gross farm income usmg financial prices of commodltxes _
Crop income is estimated based on the cropping pattern proposed. Livestock
income is estimated by use of the results of the Socio-agro Economic Survey
conducted by RID in 1989, Off-farm income and family labor cost are excluded.
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It is assumed that beneficial farmers pay the water charge and bear

. the cost of the on-farm work. The water charge is estimated from operation and

mamtenance cost, The Government wﬂl bear the operation and maintenance

cost of facilities constructed through dlsbursement of the direct project cost.

Hence, the operatmn ‘and maintenance costs of on-farm facilities will be paid by

beneficial farmer as water charge. The capltal to be used as cost of on~farm
work wﬂ}. be borrowed from the BAAC’S long term loan

Annual repayment ‘cost and water charge are secured from
1ncremental net farm income per farm. The upper limit ratio of the repayment
‘cost is’ assumed as 40%. of the mcremental net farm mcome This ratio is
marginal saving propensity.

2) Cost Recovery

i _'Cost recovery in the 1rr1gat10n sector is studled by estimation of the

~ cost recovery index and benefit recovery index. Repayment cost and

" the O & M cost estimated by farm budget analysis would be the
subjects for cost recovery analysis.

ii. Cosi; recovery in industrial water sector is studied through estimation
~of the unit cost of raw water,” The costs of Si Yat dam and Diversion
‘dam are allocated to three sectors of agriculture, industry water-and
_drmkmg water, The costs allocated to 1ndustr1a1 water sector i$ used

_ to est1mate the unit cost of raw water,

iii. Cost recovery indrinking water sector is studied through estimation of
“the affordable ‘water charge.

3) Jomt Cost Allocatlon

_ In order to evaluate an economy of the irrigation project and the cost
recovery for industry and drinking water sectors, the costs of common facilities
such as Bang Pakong diversion dam and Khlong Si Yat storage dam have to be
allocated to each sector.

123, Identification of Project Benefit

12-3-1. Tangible Benefit

A,qmcultural Sector

1) Tangxble benefits of agrlcultural projects are generated from an
increased value of productmn of crops. An increased value is available through
increase in crop y1eld and expansion of cropping intensity. -
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agro- chemlcals wﬂl be 1nereased and 1ntenswe labors wonld, be requlred ‘As
the cropping acreage for the dry season is expanded through supply of
1rr1gat10n water, the busy season for crop operatmn will be fixed as November
and December Hence, the system of mechanization shall be unproved from the
present system by which operatmn hours of machmee for transplanted paddy
occupy by 89% by small tractors owned 8% of small tractors hired and 2% of
large tractor h1red o , : :

2) . Econormc crop budget per ha is estlmated as shown in the tables of
Appendlx Table I-3-31 to -3-49, Financial and econemo pnces of commodltles
or labor are applied to crop budget analyms

As regards crop budget w1thout the pro;ject quantlty of seeds, '
fel“tlhzers, agro-chemicals and fuel and labor days and machine operation
‘hours/cost are estimated based on the secio-agro ecenon:uc survey conducted by
RID, 1989.  Labor days in the financial phase are counted on hired labor days
and the economic phase total labor days. :

3) 0pe1 ating costs of large size: machmes w1th and without pro;gect are
studied on the both phase of fi nancial and economic view as shown in the
Appendix. The operating cost items for agncultural large size machlnenes are
categorized by fized cost and. variable cost, Fixzed cost consists of depreciation,
repair, interest, tax, insurance and car, shed Vamable cost consists of wages of
operators, fuel, and electric charge. Deprec1at10n cost is not treated ag a cost in
the discounted cash flow analysis. Interest and tax are not counted in the
economic operating cost. Financial and economic operating costs per hour are
estimated. Financial and economic operating cost per hectare are estimated by
crop. The latter is applied to crop budget. ‘ '

4) " Eeonomic crop budget is studied on the year of 1995 and 2000.
Application volumes of fertilizers per ha in the year of 1995 are estimated in
considering the correlation curve studied on paddy yield and fertilizer volume
which are sourced from the socio-agro economic survey, RID, 1989. This curve
is shown in Appendix. FIG. I-3-3.

5) Annual economic value of crops, fruit trees lost by construction of Si
Yat dam and diversion dam are counted as lost value in the benefit flow during
project life.

The benefits generated from arable land developed in the resettlement
project area are counted as the incremental benefit in the benefit flow.

6) Fresh water fish pond of 1,400 ha in surface areas is located in the
existing Tha Lat area and Bang Pakong Exponsion area. Cycle of fish culture
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will be 1mp1 oved from one cycles 0, two cycle after completion of the project,
The fishery benefit iy counted in the benefit flow,

) The Water balance tentative Phase-I is estimated excluding the water
quantity to be supplemented from the Si Yat dam. Hence, cropping 1nten51ty
for dry season will be reduced from 50 percent t0.80 percent.

8) Economlc incremental net productlon value is shown in the following
table. ' '

TABLE 12-1 ECONOMIC INCREMENTAL NET PRODUCTION VALUE
. Unit : Million Baht

. Project | . Ag“"“lt“m Fishery | 'Total
Phase - | - With - Without | Ineremental .

. . Year Project | - Project - NPV NPy | NPV

Overall 1995 92 | 129 <87 0.6 - -3.1

1996 267.0.:| 1116 |- 1554 8.9 162.3

1997 379.4 146.4 233.0 11.5 - 2445

1998 T51.6 - 1783 | &73.3 14.3 687.6

1999 801.8 - 179.9 621.9 17.7 639.6

2000 - 839.7 179.9 6590.8 17.7 - &717.5

2005 909.5 179.9 729.7 179 T47.4

) 2009 . 1,092.3 . _ '1_79.9 : 912.4 17.7 930.1

Phase-I 1996 219.7 842 | 1385 4.0 139.5

1997 287.7 |. 868 2011 5.3 206.4

1998 504.0 102.1 401.9 53 407.2

19299 5157 | . 1035 412.2 5.3 417.5

2000 524.3 103.5 420.8 5.3 426.1

2005 5441 103.5 440.6 5.3 - 44b9

2009 544.1 103.5 440.6 5.3 445.9

Phase-11 1995 92 | 129 -3.7 0.6 -3.1

1996 47.3 274 19.9 2.9 22.8

1997 9.7 59.8 31.9 6.2 38.1

1998 247.6 76.2 i71.4 9.0 180.4

1999 286.1° 76.4 209.7 124 2221

2000 3154 6.4 239.0- ' 12.4 251.4

2006 365.5 76.4 289.1 124 | 301.5

2008 | . b548.2 76.4 471.8 12.4 484 .2,
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TABLE 122 ECONOMIC INCREMENTAL NET PRODUCTION VALUE
. FOR TENTATIVE PHASEA o
Umt Mllhon Baht
R Agmculture o Umt MllhonBaht
Project . : Fishery. |  Total .
Year With Wlthqut Incremental NPV | NPV
Project |. Project | - NPV PR B
1996 209.3 842 | 1251 40 | 1201
1997 275.0 84.6 190.4 5.3 195.7 -
1998 489.8 | 1021 387.7 53 | 393.0
11999 5016 | 1035 ' 398.1 53 .| 4034
2000 5108 | 103.5 . 4073 5.3 412.6
2001 519.3 [ 1035 4158 53 | 4211
2002 523.9 1035 - 420.4 5.3 495.7
2003 526.4 | 1035 422.9 53 428.2
2004 5264 | 1035 4229 5.3 428.2
Industrial and Domestic Water Sectors
1) Benefit generated from the industrial and domestic water sectors are

tangible through an estimate of water charge to be collectible from the users.

Ttems of capital“- costs related to the industrial and domestic water
sectors are shown the following table, Capital costs of other facilities excluding
those on diversion dam and Si Yat dam are not available. Hence, water charges

must be estimated based on the unit price of raw water.

Major facilities of industrial and domestic water supply systems

consist of the following components.

Industry Water Supply

Domestic Water Supply

- Water resources facility
- Pumping station

- Conduction pipeline
- Receiving reservoir

- Respective treatment plants

- Distribution system

Water resources facility

- Pumf)'in'g station

- Piltration plant. -

" - Transmission pipeline

- Receiving reservoir
- Distribution systems

2) The method of estimate on the unit price of raw water based on the

Japan Industrial Water Association is shown as follows.

Unit price of raw water per cu.m of collectible supply water volume
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Unit price of raw water per cu.m of collectible supply water volume

= Dam ¢dst X{1+94X interest X construction period)
X (depreciation ratio + interest) + O & M cost
~Annual collectible supply water volume

i. Taterest: 13% (commercial bank in Thailand)

i. Constructlon perlod Diversion Dam 4 years
SiYat Dam 5 years

iii. Operatlon & maintenance cost
: Constru'ctlon cost X 0.5%

iv. Depreciationratio : Si YatDam 1/80 = 0.0125
Diversion Dam 1/50 = 0.02

v. Annual co]lectlble supply water volume
| Industnal water:

Annual intake water volume X 0.93 X 1.0
{0.93 ... collectible ratio)

Domestic water:

Annual mf&ike water volume X 0.98 X 0.75

(0.93 ... water supplied from purification plant/intake water from
dam 0.75 ... eollectible ratlo)

3 Annual intake water volume are estimated as follows.
Ttem  Diversion Dam Si Yat Dam Total
. Indusigr_y : . . 100 MCM _ 70 MCM o170 MCM
Domestic 20 15 .35
Total 120 85 205_
4y . Dam costs allocated to industrial and domestic water sector are shown

in Appendix Table I-3-93.
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~ = Project Cost - ; e
o Umt nnlhon Baht

S - Diirér_sién'Déin e Sl Yat Dam
Item e — e -
_ ‘Financial. - "Economic Financial - Economic
Dam cost which: 2,283 . . 1,916. . . 1514 . 1241 |
Agriculture - _ 1,438 1,207 - 954 - 782

Industry & domestic 845 . 09 560 - 459 .
Note: Cost 1tems are constructlon cnmpensatlon engmeermg serwces,
administration and physmal contingeney.

B5) The unit price of raw water per cu.m of collectible supply water volume
is estimated as follows (refer to Append:x Table I-3- 95)

- Price of Raw Water -
Unit;: BahthM
DiversionDam S Yat Dam
Item —

Financial Eeonomic Financial Ecan'omic '

Industrial water 140 118 132 1.08

Domestic water ' 1.97 161 1.68° - 1.38

8) The demands of water in the industrial and domestic water sectors

would be satisfied from 1996 by Diversion Dam and from 1998 Si Yat Dam.
Annual demand of water are assumed to reach the target of intake water
volume by 2000 for Diversion Dam and by 2002 for Si Yat Dam. Annual
demand of water is considered as annual intake water. Annual iniake waler
volume is converted to annual collectlble supply water volume as described
above (refer to Appendix Table I-3-96 and 1-3-97). :

()] The incremental benefit is estimated by multiplying collectible water

by year by water charge or price of raw water mentioned ahove. It is shown in
the next table. :
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TABLE 12-3 INCREMENTAL BENEFIT TO BE EXPECTED FROM -
INDUSTRIAL AND DOMESTIC SECTORS

- Unite; Million Baht
U ltem | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002

Phage-1 (Diversiu’n) . - .
Industry Collectible Water (MGM) 46.50 | 5580 | 6510 | 74.40 93.00 | 93,00 93.00

Water charge (Baht/cm) 1.18 1ig'} 118 1.18 1.18 1.18 118

Benefit (Milli.Baht) 54.87 | €584 | 7682 | 8779 | 109.74 | 109.74 | 100.74

Domestic Collectible water (MCM) 279 | 554 | 887 1116 | 1395] 1395 | 1395

Wator charge (Baht/cm) 161 ] 1i6; 161 1.61 1.61 1.61 1.61

" Benefit(MilliBahty | 449 | 898 | 1348 | 1797 | 2246 | 2248 | 2246

Subtotal Benefit (Milli.Baht) 59.36 | T4.82 | D0.30 | 105.76 | 132.20 { 132.20 | 132.20
Phase-I1(8i YatDam.

Industry Collectible Water (MCM) | - - -} 3255 | 39.06 | 4557 | B520B | 6510

Water charge (Baht/em) - - 1.08 108 | 108 1.08 1.08

Benefit (Milli Baht) - o - | asas )] s218 | 4922 5625 | 7031

Domestic Collectible water (MCM) - - 2.09 4.19 6.28 8.37 10.46

Water charge (Baht/cm) - . 138 | 188 | 1.38| 138 | 138

'Benefit (Milli.Baht) - -| 288) 78| 867 | 1155 | 14.43

Subtotal Benefit (Milli.Baht) - -| 3803} 4v96 | 5789 | 6780 | 8474

Total benefit (MilliBaht) 59.36 | 74.82 | 128.33 | 153.72 | 190.09 | 200.0 | 216.94

Al Sectors

The incremental benefits from all sectors, that is, agricultural,
industrial and domestic waters are estimated in the following table.

TABLE12-4 INCREMENTAL BENEFITS FROM ALL SECTORS

Unit : Million Baht

Project Agricultural - | Industrial and Total
Year Water (Overall) | Domestic Water ota
1995 -3.1 - -3.1
1996 162.3 59.4 2217
1997 244.5 74.8 319.3
1998 587.6 128.3 716.9
1999 - 639.6 153.7 793.3
2000 6717.56 190.1 867.6
2001 675.3 200.0 875.3
2002 : 683.0 - 216.9 899.9
2003 690.0 216.9 1 906.9

- 2004 709.9 216.9 . 926.8
2005 T47.4 216.9 964.3
2006 804.2 216.9 1,021.1
2007 862.2 2169 1,079.1
2008 904.1 216.9 1,121.0
2009 930.1 216.9 1,147.0
2010 930.1 216.9 1,147.0
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12-3-2, Intangible Benefit . .

In addltlon to the tanglble beneﬁt for agrlculture and ﬁshery, various
m’canglble benefits and socio-economic impacts are expected from
implementation of the project comprlsed by agmcultural industrial and
drmkmg water supply secbors : ' o

’I‘he majo‘r inta’ngible benefit is described as follows.
1) Creatuon of New Job Opportunlt:es

. The progect 1mp1ementatlon needs a great deal of unskllled by labor
during the construction period. Unskilled labor will be required about 500
thousand man-days per annum for constructlon of facilities during elght years.
Theee man-days are equivalent to 33 million Baht worth of labor income per
annum. Enlargement of crop acreage for dry season after completzon of the
project would require much hired labor _ -

Labor demand for crop. husbandry would be 1ncreased from two mllhon
man-days per year to 5.4 million per year. Even though the family labor can
serve much more days, much rural labor will be required. When about 30% of
the total requirement is assumed to be hired, such labor income of about 107
million Baht is increased.

Supply of industrial and drinkiilg water will promote the development
of Bang Pakong and Plaeng Yao industrial estates. Consequently, creation of
new job opportunities will be inscrutable.,

2) lmprovement of Local Tra_nsportat_ion

Construction of the operation and maintenance roads is proposed along
the Bang Pakong left main canal and 8i Yat main canal. These roads will play
an important role as the by-pass of the national road Root No.315 and the
provincial road running along the left side of Tha Lat river, respectively.

The existing rural road passing through the proposed site of Bang
Pakong diversion dam will be improved as the access road. After completion of
the dam, this access road will be extended to south and cross the Bang Pakong
river and be connected with the national road Root No.304, This new road will
contribute nof only to betterment of marketability of mango but also to inter-
regional access1b111ty and communication. Espemally a mass transportatlon of
fresh fruits will be developed after conversion from navigation to overland
transportation.
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- 3) 'impro:'vement of Sanitary Conditions

_ The source of drmkmg water for the inhabitants in existing Bang

Pakong area is the rain water stored. Public wells are not available due to the
contents of acidity in subterranean water. Water for washmg depends on creek
~fresh water. -

A_fter _comp‘letio_ri' of Bang Pakong diversion dam, the drinking water
supply will be available in the rural area mentioned ahove. Consequently, the
sanitary conditiens will be rapidly improved. '

-4) Improvement of Water Front En\nronment

Water quality in the downstream of Tha La.t irrigation canal has been
become dirty because of increase in population in the rural area. In particular,
dirtiness of the water cannot be cleared durmg dry season due to shortage of
mamtenance water of canal.

Such pollutlon of the canal water during dry season will be improved
by supply of irrigation water to main canal after completion of the project.

12-4. Economic Anaiysis'
12-4-1. Economic Project Cost
1) Capital Cost

- The pro;;ect cost consists of the dlrect project cost and the indirect
pro_]ect cost. :

The direct project cost covers (1) preparatory work; (2) construction for
storage dam, diversion dam, diversion weir, pumping station, irrigation system
and drainage system (3) land acquisition, compensation and resettlement (4)
procurement of O/M equipment (5) administration expenses, (6) expenses for
engineering services, (7) physical contingencies and (8) price contingencies. All
these costs are estimated on a financial basis as shown in Table 11-1.

In order to estimate the economlc cost for agricultural sector, financial
cost for Si Yat storage dam and diversion dam are allocated by 63% of
agmculture seetor and 37 % of 1ndustry and drinking water sector.

The financlal costs are converted into the economie costs by applying

the conversion faebor by cost component (CCF). (Ref to Appendix Table I-3-58
to I-3- 60) . : y
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The economic costs for all sectors are shown in Appendix Table I-3-60-

The finaneial costs for land acqmmtmn compensation and
resettlement are adjusted to economic values by the following procedures. (Ref.
to Appendix Table I-3-61). -

Compensatmn costs for land and tree crop in the Si Yat reservoir area
and Bang Pakong diversion dam sﬁ;e are adjusted to zero in economic cost.

_ Land a'cqulsxtlon' cost for the 1rr1gat10n canal sites is adjusted to zero
by distance of canal running arable land. Financial resettlement cost is
adjusted to economic value.

Price contingencies are exeluded from the economic project cost.
2) The Annual Operation and Maintenance Cost (O & M Cost)

Annual operation and maintenance costs comprise salaries and wages,
fuel and repair of equipment, material supplies and repair cost, pump operation
cost and general expenditure. Financial O & M cost of 38.8 million Baht does
not include the depreciation cost of O & M equipment. This financial cost is
converted into economic cost by using conversion factor of 0.9,

Unit: Million Baht

Phase Financisl Economic

Phase -1 17.0 15.3
Phase-I1 _ 21.8 - 19.7
Overall 38.8 35.0

3) Replacement Cost

Pumps proposed in Phase-I project and Resettlement Plan of Phase-11
are replaced by interval of twenty years.

Unit; Miilion Baht

Phase . Financial Economic
Phase -1 1m0 153
Phase-I1 0.68 0.07
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12-4-2. Economic Internal Réte of Return (EIRR) -

The e'cdhomic.mtérnal rate of i‘étui'n for the ag'ricultliral sector and all
sectors are calculated on the basis of the flows. of economic benefits and costs
mentioned above. EIRR by phases is calculated as follows.

Agrioultural Sector Phasel _14._0%' All sector 12 2%
~Phasell . 97%
- QOverall - - 11.7%

Phasel (_Tentative)_13.6%

12-_4-3 SensutlwtyAnaIys:s

The sens1t1v1ty ana]ysm is the effectlve measures of testlng for the -
riskiness of projects. The analysis for the. agricultural sector is made for the
following cases:

Case-1: . 10% increase in prd,]éct cost due i:o unforeseen able
geological and topographical condltlons and unexpected
increase of materlal costs. .

Case-2: ‘10%.decrease in pro;[ect beneﬁt due to ﬁneipectéd decrease
in prices of commodities and in crop yield.

Case-3: Two years overrun of full-development period of project
benefit.
Case-4:  Two years overrun of construction period.

The EIRR of these four cases are estimated as foliows.

-EIRR (%) for Agricultural sector -

- Case Overall 7 Phase-] Phase-II
Original 117 140 9.7
Case-1 10.8 13.0 9.0
Case-2 10.7 12.9 8.9
Case-3 111 133 9.4
Case-4 10.8 12.7 9.2
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125, Financial.’An'a'ly_s'i"s .
12-5-1_ Farm Bhdget Analyéis

The farm budget analysxs is made in order to evaluate the PrOJect from
the financial aspect of the beneficiaries. ‘Typical farms are represented by three
farms with cropped land in the sub-project area, that is, existing Bang Pakong
area, existing Tha Lat area and Tha Lat expansion area. The present farm
economy in these sub- pI‘OJect areas were surveyed by RID, November to
December 1989, Net farm income w1th and w1thout—pro_]ect is estimated as
shown in the- follomng table. oo : :

The financial project costs of 8 803 mllhon baht are composed w1th the
direct pro_]ect cost of 7,778 million Baht and the indirect project cost of 1,025
mllhon Baht.” The former will be disbursed. by the Government. While the
latter will be unavmdably borne by other agencies or beneficiaries. In this
study, the mdlrect cost; that is, on-farm works cost is assumed to be borne by
the beneficlarles They will borrow the capital from the BAAC’s long term

- loans.

The Government w111 bear the operation and maintenance costs of
facﬂltles constructed through disbursement of the direct project cost.

However the beneficlarles will pay the operation and mamtenance
cost of on—farm f'acxhtles in the water charge '

The annual repayment cost and operatlon and maintenance cost are.
sourced from incremental net farm income, "Payable cost or payment capacity is’
estimated as incremental net farm income multiplied by marginal savmg
propensﬂ;y of 40%. '

" The value to he borne by the average farmers in existing Bang Pakong
~area and Tha Lat expansion area is payable enough with the full amount of
repayment cost and operation and maintéenance cost. Ineremental net farm
income in existing Tha Lat area is short to pay the full repayment cost because
of less net farm income than those in other both two-project areas.

12-5-2. Ct:_ét 'Ré_cd\f_éry
1) .Irrigation Séttbr

- Since the establishment of the Land Consohdatlon Act in 1974, the
beneficiaries are asked to bear a portion of the project costs for the on-farm
water supply and dramage faclhtles :

1217



7500 H10M HHmm.ﬂo e wo vﬁmd.ﬁmo 514509 ymawledal [ '8

‘s3s02 j00foad (210

0} mamou FI04 E.Hm.ﬁo mo osmu mo noﬂﬁﬁou umvas umou E @ 0 ﬂES Jo ﬁm@ & Ieaq mmﬂﬂummnm@ u.mﬁ POWINSSE ST umoo SDUBUSIUIBT PUE UOLjeIad) L
g o sread JUITI{[BISULPUB g | Jo:ysaiaqur a(durts
ﬁﬂs $ULOT WLIA mnoﬁ m.oﬁm mﬁ ?oﬁo@ Esok mmzﬂomonwm *SOLIBIOYSUS Aq UIOG 2( 03 3500 JI0M WIBF-UO 10§ pojemy)sa ST 4800 jusmdeday g

%ﬁwﬂm&@.ﬂm mﬁp,mm Eﬁm.ﬁmﬁv ¥'0 X swodur E.:wm 30U p:oﬂm.sﬁ mgo=om S§® POJBTUIS? ST)S00 8jqeied g

*'PEpOX ST umou J0qB[ A[TWR] %
.ownwﬁ MBI IO woﬂmm bﬁnamﬁ Jo wmsﬂ.ﬁ macw pue Hoom U7 9580 oMY 4q Eponm axe mm.:w noanm&nm amq BY, JOJ W09 TLILY SSOIL) '§
"POTIIR[ D3I BAIR PIBIII0 ST BATY nsmqmmxm 1877

Qﬂ_ w nd ? wﬁw J/OmI° munmnm.mﬁm Om N N.mmH E Emm IWOTOIT-0120F mﬁ uo mﬁmﬂ PoYeIITISa ST BaXE 100{0sd-qns £q ULIB} JO 8718 938BI3AY g

uowmo..a I M ‘goaload ynoypim nQO 3 1.5 830N

w_m.r._dﬁ( 13=ang wWyvd

.m.Nw Fiavi

___mom.a = | egxgese | Aot = | L8X948°C | FBOL= | 673 X9gae _u_moo,u%_ﬁamm L
B ) .Be 1 188 . Al v | (e87EUD 1038 M) ISOD B O
(02T | 0F9LT 1835°L ETAT] v Juowieday : goTym -
sur'es | zier - '908'L 09572 ’ ‘ 1303500 ejqeded g
‘eve'Lel | 639Gy . | G9L'61 T ¥68°09 _ Y LN [BIURmazouy "
868°8ST | .. Z8%'99 - | .£96°0% | 3E81E L9031 CLPSI8 . £89°03 - Jyeg oWORUT WIBT YN D
gee'¥6 | .990%9 | 96881 BLT'TE 296°6 260°99 998°q1 resor,
ez, - | .egL 3L g09c | 209 pL8 pL8 903594
079°e6 . |.-0¥E'E9 - ILTST . | 9Lges . 698L 81%°¢9 766F1 doiyy
d Y _ = : . IEg. 3500 UOTONPOId g
‘egg'ese | upgost 6v8'6s - | XTOPL | 6108 | 6E9°LVI 615°08 . TEIog,
Cove's | ove's . 0v6°€ 06’ | OLE'® | 0F81 0781’ | 00359417
£6T678 | - L09°981 606°5¢ Tv0'0L 67081 66L°GYVT 6L97E dozdy
(262002) |  (1£100%) . _ qeg SUWOIU] ULIE SS01D Y
Cgg e 1 8% Ls . LB 63 6% 2y
9% | 9FE . 0'0¢ LT | LT 81 8t T8l puRT] PARRATIND
M T am | dom A/ d/OM dim E
utre g afesoay WLIR ] 85RI0AY © ULIR SFRISAY mu WL
uotsuedxy yery ey, _.H.H By, BuTISTNE 3uoyeg 3ueqg Sunisixy

12-18



In this study, r'epayinént cost and O & M cost estimated by farm
budget analysis would be sub;ects for cost recovery analysis.

In determmmg the extent of cost recovery, cost recovery 1ndex is used
for the project. This index is measured at the ratio of incremental water charge
{0 & M cost) and on-farm work costs paid by all project beneficiaries to
incremental project construction and operation and maintenance costs.

‘Water char'gés aﬁd repayment cost of on-farm work costs are estimated
based on the present values discounted at 10% in annual rate of interest over
the 50 years of the prOJect life. :

“The proposed water charges and repayment cost would result in a cost
recovery index of around 10%.

'I_‘hls index is measured at the rate of incremental water charges and
repayment cost by a typical farmer to incremental farm income aceruing to
farmer before paying water charges and repayment costs.

As incremental farm income is indicated in the previous farm budget
analysis, the proposed water charges and repayment cost would result in a
benefit recovery index as follows.

Existing Bang Pakong area... (10,254+302)/ 60,894 = 17%
Existing Tha Latarea . ....... ( 71525+281)/ 19,765 = 39%
Tha Lat Expansion ared...... (21,208 +572) /137,945 = 16%

The project cost represent financial flows from the public sector, and
~ then corresponds to taxes and other transfer payments. After completion of the
project, the taxes to be levied will increase because of a plenty of incremental
benefit. The tax to be levied in future will be contribute to cost recovery of this
project. -

The Government will receive indirectly some revenue from the project
as rice export tax, rice premium and milling tax. These indirect incremental
revenue will amount to about 55 million baht per annum, Such revenue should
be considered in the cost recovery study.

2) Industrial Water Sector _'

Industrial water supply in the lower reaches of the Bang Pakong river
basin is mainly made from urban water work facilities, irrigation canals and
small ponds. The water supply in the dry season, however, does not meet the
requirements of the beneficiaries in most of area.,
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: In partlcular some factories have faced the purchase. of water from K
Bang Phra reservoir located in southern part of Muang Chonburi by water
tankrolhes w1th the prlce of 70 haht per cublc meter. N :

R Common. faclhty S costs of Sl Yat dam and Dwersmn dam are allocated'
by each sector of irrigation water including fishery, 1ndustr1al water and
drmkmg watel as descr lhed in the paragraph 12.5.8.

The financlal unit prices of raw water for the 1ndustry and’ drmkmg '
are roughly estimated at 1.32 to 1.40 Baht and 1.68 to 1,97 Baht per cublc
meter respectively, mentioned in the paragraph 12, 3 1. o

Th1s unit price of raw water would be attractlve water charge to the
factories purchasmg with the price of 70 Baht per cubic meter.

As dam cost is borne by the Government the prlvate enterprlses Wl]l
be able to recover the specific cost excluding dam cost.. :

The cost recovery through levy of water charge 1nc1ud1ng' dam cost is
recommended

3) Drinking water Sector

Cost recovery in the drinking water sector 1 is studled by estimation of
the affordable water charge :

it is well known that the upper limit of “the ability to pay a water
charge” is four (4) to five (5) % of their income for a household in the developing

countries,

The affordable water charge is estimated as follows. .

- Affordeble Water Charge -
Area Net Farm Monthly  Ability to Pay Water
¢ Income W/P 1/ ‘NFT &/ per Menth 3/ - Charge 4/
Baht, . Baht Baht Baht/CM
1. Existing Bang Pakong Area 81,547 6,97 2712 12.1
2. Existing Tha Lat Area - 31,832 2,653 106 4.7
3. Tha Lat Expansion Are 66,482 5,540 222 9.9

Note: 1/ : based oni Farm Budget Analysis
- 2 /12 month
3 X%
4 : 3/225CM
(5persons X 150 €./day X 30 day 22.5 CM)
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. The unit. price of raw water for drinking water sector is estimated at
1. 68 to 1 97 Baht per cublc meter. Hence, aﬂ'ordable water charge including the
unit price of raw water is practical to the average size of farms in Existing Bang
Pakong area and Tha Lat Expansion avea.

The affordable water charge for the Existing Tha Lat area is very low.

And according to the socic-agro economic survey conducted by RID, the average

- size of farm earn the off-farms income of about 26,000 Baht. When the off-farm

income is added to het farm income, the affordable water charge is improved by
about 8.5 Baht/cu m, '

As a conclusmn the cost recovery for the drlnkmg water sector is
considered possible through levy of Water charge of around eight to 10 Baht per
cubic meter. o

12-5-3. Joint Cost Allocation

Bang Pakong Diversion dam and Khlong Si Yat Storage dam will be
commmonly used by sectors of irrigation, indust_ry water and drinking water.

In this project, the cost allocation is categorized by two types. One type
is an individual allocation of cost of each dam, and another type is
comprehensive allocation of the totalized cost of the both dams. In this study,
considering the following hydrological items, the comprehensive cost allocation
method is adoptable.

The reservoir volume of Bang Pakong dwersmn dam is only 30 MCM,
but the stored water is rotated in high efficiency through supply from 8i Yat
dam, Rabom dam and runoff from upper stream of the Bang Pakong river.
Hence, the water users to be directly supplied through Bang Pakong diversion
dam should also participate in allocation of Si Yat dam cost.

Joint cost allocation is studied on two methods . The method used for
the first step is that is known as the “separable cost - alternative justifiable
expenditure”. The method used for the second step is the water quantity
allocation method

Adoptable cost allocation method has to be satisfied by both with the
factors, that is, financial justification for irrigation sector and reasonable cost of
raw water for industry and drinking water.

Figures estimated through adoption of water quantity allocation
method, that is, 63% of irrigation and 37% of industry and drinking water, are

L1221



reasonable for the both factors mentioned above. These figures are used for
allocated of costs of the both dams for economic evaluation of irrigation sector.

12-6. Project Justification

~ Economic infernal_ rate of return (EIRR) for all sectors was estimated
at 12.2 percent,

EIRR for overall basin project in the agricultural sector was estimated
at 11,7 percent, ' '

It was reported that the Iatest prime rate of loan interest is 15 percent
at the minimum and the deposit loan rate is 12,56 to 13 percent. When the
marginal productivity of capital is considered to be approximately the deposit
loan rate the economy of all sector projects is rightly justifiable. The cost-
benefit ratio for the agricultural sector will be considered viable from the
national economic point of view,
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CHAPTER 13. ENVIRONMENTAL IMPACT EVALUATION

1'3-1. Introddction

- Dam and irrigation projects generally give significant effect in
alternation of the environmental resourses. In this regards, the National
Environmental Board (NEB) worked out the “Guideline for Preparation of
Environmental Impact Evaluations” in 1979 with a view to conserving the
- environmental resources in the national land, According to this guideline, all
agencies that propose to undertake construction of any projects are requested
by NEB to prepare an appropnate “Environmental Impact Statement (BIS)”
and to submit it to NEB for review and further actions.

The detailed EIS is required if the main features of the proposed
- project exceed in their values the following guideline:

- Effective storage: 100 MCM
- Reservoirarea : 15km?
- Irrigation area : 80,000 rai (12,800 ha)

The proposed Tha Lat River Basin Development PrOJecL has been
divided into two phases in view of the project implementation, and the major
figures of the both phases are larger than those of the above g‘mdehne in scale -
and therefore the detailed EIS will be requlred

Main Features of Tha Lat River Basin Development Project

Phase-I Phase-I1 Overall
Development
Effective Storage (MCM) 30 ' 300 330
Reservoir Area (km?) 10 : 45.5 55.5
Irrigation Area (rai) 14,700 30,240 : 43,540

The environmental study comprises manifold items of environmiental
1mpact evaluatwns They are primarily classified into the following four
categories: : : :

1) P_hysical Resources

- Surface water hydrology
- Surface water quality
- . Groundwater hydrology
- Groundwater quality
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- :Smls SR

- Geology and selsmology

- Erosion and sedimentation
- Chmate

2) Ecologlcal Rescmrces

- Flshenes R
. Aquatic biology
Wildlife .
‘Forests

h

3) Human Use Values
- Agriculture and Trrigation
- Aquaculture
- Water Supplies
- Navigation
- Reclamation
- Power _
- Flood Control
- Dedicated area Use
- Industry
- Agro-industry
- Mineral Development
- Highway and Railway
- Land Use

4) Quality of Life

- Socio-economic values

- Resettlement

- Cultural and Historical values
- Anesthetic Values

- Archeological Values

- Public Health

- Nutrition

A full-scale environmental study covering the above items with
appropriate analysis and recommendations in sufficient details is required for
the large scale dam/irrigation projects like the sub;;ect Project for preparation of
the detailed EIS. Difficulties are, however, involved in making such the full-
scale environmental stidy in sufficient detail within the limited time of study

period under the present framework of the feasibility st_udy ~Preliminary
studies are only carried out at the current stage of the study for the purpose of
pointing out the present environimental problems and constraints and the
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-anticipélted alternation in environmental resources, either positive or negative,
will be caused by the project implementation.

The study covers the drainage area of 2,493 km?, including the entire
Tha Lat river basin and a part of direct catchment of the lower Bang Pakong
river, may receive more or less environmental impacts by the development of
the dam, diversion and irrigation and other water supply systems of the project.

13-2.  Preliminary Environmental Impact Study for Phase-| Project
13-24. Physical Resources
1) Surface Water Hydrology

_ . The Phase I of the PrOJect W111 cover 12 7 00 ha of the emstmg and 2,000
ha of the new expansion areas of Bang Pakong Left Bank, Supplemented with
water released from storage dams under construction or to be constructed
upstream of the Tha Latriver, the Project aims to divert the Bang Pakong river
water muitlpurposely for irrigation, industry, and drinking as well as for
brackish and freshwater fisheries through the proposed Bang Pakong diversion
dam, pumping'station, irrigation main canal and other necessary facilities.

The Bang Pakong river runoff from the upstream basin is
characf;erlzed by long low flow in the months from December to May, The wet
season flow occurs from June through November with the highest flow in
‘September. - Generally the wet season flow accumulates to about 80 to 90% of
“the total annual flow. Flow regime of Bang Pakong river at the proposed
diversion damsite before and after Project, in terms of 10-day flow volume in’
MCM;, has been summarized for the specific years of 1983, 1972 and 1979,
which represent a plenty year, ordinary year and doughty year respectively, as
- shown in Table 13-1. In the table, river flow before Project includes neither the
flow released from the upstream dams (Rabom and Si Yat) nor the excess runoff
from the catchment of the Tha Lat river, therefore it can not be directly
compared w1th that after Project.

However at the operatlon phage of the diversion, ‘there will be no
1mpact on flow discharges and patterns during wet season because the gate will
be fully opened to release flow natural. On the contrary during dry season, the

‘river flow will much decrease due to water diversion for various water supply
purposes, Occurrence of flash flood may not induce back water upstream if an
appropriate rule of the gate operation is intreduced accompanied with
establishment of the basin monitoring systems.

Presently, there are no usage of the Bang Pakong river water during
dry season except shrimp culture because of salinity problem. After closure of

133



...........m..@.ﬁ..w......,.._“_..m.@.w.........m..wm...........,.m”.w.m.mﬁm......m.mmﬂ.m....:-m..w.ﬁm..........m”mwo.ﬁ.h._........m..mmm,.m..._............ﬂm.ﬂmm.:..
X AN & 3 SR T N R E T A R A 2058 e
g1z 080T FES W 8T% . 6¥L 906 ¥ . S . . IZTI |
| — _ 187 ... L08E, yaTEly

mH.N
e
90y ,_,mﬂ_.m
N,m T v .wm A - 69° m - BEST WV - L¥Vel. 98°2g 06 Pl
g0 w .- SI'Z . - 8T0I 09°8T W L8IL- Lyar L9°L €86
LBSELY. LTSL. . 9008 . YOULW. Y201 . ZLGIL . OSELW YEOL . . 00S . 2q4Eenq
I 88F . w GTF TETLUUUTRE LT eregt ETGET ¥i'v . . et
S E6°C W 08T LOETL 98t . LZIBL - TFLBT . B89T 0 BREEL . 00°LIT
B8 Y SV BEL L OE1UY . OLSOL . 0690L  BETL.  YERE.  ST9S . dequWesoy
ISTT ¥ 67 %1 06797 €29 ¥ ITLL FEER UeRLg 12083 9z’ NmH
L lge w889l L 9703 mo 61 - EL'91E "B9°LET ¥9°601 158921 LEZ%IL
_ 60°07 60808 | 89%Ly . 9€7C . £CT86 . IESES . 1090RQ
L £9°908 LT'11E £0°8¢ esvLo 67'9E9
GELY g 20081 - 0L6L CEQTLLL BT°91 8F9ET 62081
9V W g98T - oemez  BT'EE | 60P06 98T | SS¥E . LETSE . | PELYE. . dequeydey
8EE. ¥ 80 021 - 96°CET .mm ‘681 TgESRT URTIT S¥'806 T IELEY
208 W .-080IC .. -81'6TZ - 8086 W .,mb (A4 - P8IEE . 99%Y T0'9%6 GeI8e .
OLE. 691G . 6986Y  STT V. OIF98. .. §E997 . IT'EE. . P0'699  £eee9 wndny
LOBZ . - 9L0BE 6935t SE8TY T TBLI8T .bo ‘861 SG'0T - Peest B7'E8T
- 9g8T. 00%LE - FIPET ¢TIy - BEEOT . LYEST 009 12618 . -I£'EIE
CITIG L 9eesL . SYYLL . B9Y . 6LT0R . STASL €2l W 66 0ZTL. . Amp
26 - T IL 60°Z6T 18788T . B0°LPT %9°¢E 6L'SL LY'ZL
a0'g . bm YL Hm GeT EE¥0T | 0E66 A1 V'8 7768
i o SBOPT . OGYET Y09 PREST  O8IST . eUBL
N 9701 09°€% LY W 16'98 29°19
No ZIY 8981 . ¥90g 9z’II V¥ POIE 03°2¥%
LETILY. gz 0SET @8y TUIS. 686 . AP
96°C ¥ . FPLE ) 01°68 S8 ¥ ETE 187
; 5400 N, 4 1¥%9 77 I 921 G1'g 880 o
GZe w mﬂ. 4 0%'01 Y ¥ . E¥ES I8°L8 £e'l q12 80 Ty
_SouE[ By I8y 310599 souereqg By | elojeg aoue[ey Ry 310799 QTE0TA

ﬁmwh.m.mv .H.Nw.pwv AQenoa(] ANFO._U JIED R \WHNE@MO ] Amwm.c .u.mmx...ar AU
ILISWVG NOISYIAIQ 1V IWIDIY DIDCTIOYGAH 40 NOILYNYILTY L-€1 318VL

- Arenigag

o

44«

|
o
y i
S ¢

13-4



the river by the diversion dam, the retained fresh water will be used for various
purposes both for private and'piiblic sectors locating in the vicinity of the river,

o Downstream of the dlversmn s1te, the water will become more saline
. than that at present achleved because a small amount of freshwater will only
be released in dry season. The water of high salinity of by more than 25 ppt will
affect growth rate of shrimp, Provision of freshwater to dilute water salinity
within the 'limit 'sho'uld be taken into consideration.

2) Surface Water Qualtty

The latest data on physwo ¢hemical propertles of Bang Pakong river
are available from NEB, pubhshed in September 1988, The Study Team also
carried out water: quality survey in the river to extend the NEB information
during the perlod from December 1989 until June 19980.

; " The survey of remdual pestlcldes in Bang Pakong river by NEB during
1985 - 1987 revealed that some pest1c1des including DDT, BHC, dieldrin,
aldrin, and heptachlor measured at stations upstream of the proposed diversion
site showed a value slightly exceedmg the limit set up by NEB. The high value

of pesticides was detected on November which is the month of releasing return
flow from paddy field. The results of pesticides survey by the Study on January

and Apr i1, 1990 also revealed that in general their values were slightly higher
than the standard. The Station 4 (downstream of diversion site) showed poor
water quality with values of all patricides detected exceeding NEB standard.
For stations located upstream, the values of aldrin in January and BHC in
April Only Were appreciably lar'ger than the standard.

: For NEB data again, the values of DO, BOD and Coliform bacteria

analyzed during 1981 - 1987 show that the Bang Pakong river has been much
contaminated. The contammatlon increase from just downstream of Amphoe
Bang Khla through the river toward the Gulf, with the severe situation around
Chachoengsao provincial seat. The major contamination sources encouraging
low value of DO and high BOD and coliform bacteria are mainly domestic
effluent water from Bang Khla and Chachoengsao towns as well as effluent
from swine farms.

DO values at the distance 0-80 km from the river mouth (Amphoe
Bang Khla is around 80 km) is under NEB’s water quality classification No.4
and the water under this classification should he specially treated before
drinking or domestic use. Regarding the study results, DO values inspected at
stations 3 and 4 (downstream of diversion) were higher than those at stations 1
and 2 (upstream of diversion). April and May are the period of low DO value at
stations 3 and 4 whose water quality is r_egarded as Class No.4.

"With respect to the value of BOD and Colifarm bacteria, the similar
pattern of concentration as DO is depicted, i.e., increased their value around
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Bang Khla and much more on. downstream However, sitch value is st111 not SO :

serious and causes this river section to be classified as water’ quahty clags No.3. -

~ The BOD value analyzed by the Study is rather conformable with NEB with the
value of around 1-2 mg/llt ‘except, those in March at statmne 3 and 4 of Whlch -

values are as hlgh as more than 2 mg/ht S o -

: The problem on heavy metals 1nclud1ng Cu, Zu, Cd Cr Pb Mn and Fe
accumulatlng in the upstream water 1s not so serioiis yet bécause most of
factories in Bang Pakong river basm are of agro- 1ndstry type.. Momtorlng of
these heavy metals by NEB during 1983 - 1987 found that most of them still ~
remamed within the standard value. However, such metals as Cr-and Fe show
their value slightly hlgher than the standard in some years: and at some
sampling stations. The checking of those parameters. by JICA indicates less
significant ¢ difference and the most are stﬂl wrthm the NEB standard level.

_ NH3 N. N.[P3 N and total phosphorus were detected in small amount
by both NEB and JICA. Sohd hardness, alkahmty and chlorlde depend
generally on seasonal sea water intrusion. The value at Statlon 1is the lowest
increasing at the sections downstream. -Most of these concentrations are -
regarded as high level at all samphng statlons during J anuary and Ma.rch

Water contammatmn due to decomposed weeds i another matter for
consrderatlon During the preparatmn period of rice harvestmg, in July and
ANovember for wet and dry planting seasons respectively, the farmers-will drain
out water retained on their farmland to natural streams that further flows into
Bang Pakong river. This polluted water by decomposed weed, grass and straw
involving some floating materials will be accumulated behind the dlversmn
dam. _

Water contammatlon is expected to be more serious due to blockage of
upstream flow. The major sources of pollutants include community dlscharge of
Muang Chachoengsao and Bang Pakeng, irrigation return flows, sewage from
shrimp farm and effluent water from industry such as rice flour and plant in
Amphoes Muang and Ban Pho, and squid processing plant in Amphoe Bang
Pakong. This degraded water quality w111 cause some trouble on shrimp
culture and estuarine fisheries.

During the perlod of constructlon turbldlty and suspended soils
followed by siltation in downstream section will temporanly increase -
partlcularly in wet season. The con&derable 1mpacts of this degraded water
quality will be on water supply system of Amphoe Chachoengsao (pumping
through Khlong Tha Khai) and domestic use by vﬂlagers in the areas of both
banks. If the construction is carried out in dry season, the effects will be on
shrimp culture and estuary fisheries.
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The above discussion on water conta:mnatlon in Bang Pakong river
will coniclude preliminarily that the values of pesticides, DO, DOD and coliform
" bacteria were rather beyond the standard level of NEB. It is not due to the
Project implementation; but is very important that the measures/programs for

_controlling the concentration within the allowable limit should be implemented
as early as p'ossﬂ)lé; otherwise the retained water by the diversion may become
unsuitable for utilization as water supply The possible measures at this
moment may be as follows:

- -Campaign to farmers to use less toxic pestieides

- To adv1se the farmers to plant; rice with a varlety of high resistant
to pest and diseases

- Serious 1ntent10n to be paid on controlhng measures of efﬂuent
_ water from swme farm and industries

- To release retained water at the location below water surface -

- Continuous monii;oring of water qualify after completion of the
diversion

In this connection, the :pr:oposed 'Projec{: envisages to consolidate
drainage facilities to drain effluent water from swine farm and industries
downstream of the diversion dam.

3) Soil Ero_sion'

, Nipa palm has been observed along the banks of Bang Pakong river
and its tributaries. -After the project implementation, the nipa palms growing
may be impeded in some cases by salinity change, resulting in some impact on
possible soil erosion en river banks after a long while. It is very important to
monitor the growing situation carefully.

4) Groundwater

Water level upstream of the diversion dam is planned to be controlled
within the range between (=) 1.5 m and ( - ) 1.5 m. The level below zero is,
however, to be avoided whenever possible, since it would ecause adverse flow of
groundwater and in turn leakage of saline water would be resulted, -
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5} Sedlmentation _

In the upstream of the dwersmn dam the rwerbed wxll be elevate& '
because of back sand at the edge of the reservoir during diy season. It i is
planned, however, that the gates are fully opened in wet season, during which
sediment deposits are. easﬂy flashed out through the river channel into the
- area. Therefore, environmental impact by change of transportatlon mechanlsm
of sediment is cons1dered very httle : : '

13-2-2. Ecological Resources
1) Aquatic Et":dio'g:y |

. Retention of freshwater in the. Bang Pakong river w111 induce
significant changes in aquatic eco-systems. . Study. of existing. ecological
characteristics is considered to be important so that the ecological changes can
be anticipated and- Lmtlgated as much as possible. The report on “Aquatlc
Ecological Studies of the Bang Pakong River and the Assessment of Impacts
from Bang Pakong Thermal Power Plant, Phase 2¢ prepared by the National

Inland Fisheries Institute in 1987 revealed that this river is still abundance of
aquatic animals but have a trends of decreasing due to human activities.

- Diversification and abundance of plankton in Bang Pakong river
depended mainly on water salinity, tide, season and human activities. The
river mouth is the area accumulating nutrients corhe from upstream
watershed. These nutrients such as phosphate and nitrate are the major food
for phytoplankton which is primary production of ecology, consequently,
secondary production is zooplankton which is food of aquatic animal larvae.
The Bang Pakong river is influenced by sea water intru_si_on; causing the
interface zone between freshwater and sea water in the river. This limnetic
boundary has 1-3 ppt of water salinity and more up and down accordmg to tidal
effect. The larvae and egg of aquatic animals touching this barrler are severely
affected and some become death. :

At the period of high salinity content in river water, zooplankton was
found abundantly, particularly at the river mouth. This saline zooplankton
decrease at the section upstream depending on water salinity, until they reach
the limnetic oligohaline boundary, by then the occupant will be freshwater
plankton.

At the river section influenced by sea water, Chrysophyta (yellow'-
green algae) is the dominant phylum of phytoplankton, having diatom as an
important type. While at the section north of the confluence of Prachin and
Nakhon Nayok rivers where the river becomes freshwater, Chlorophyta (green
algae) is commonly observed. Regarding zooplankton, phylum Arthsopoda,
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class crustacean of order copepeda is the most abundant in the lower part of the

‘river, the economic types of zooplankton that are still abundant including
Decapoda, shrimp larvae, mollusca larvae and fish egg. The fry of these
planktons were appeared at different period due to their different spawning
‘season, shmmp fry was found all year but commonly observed to migrate
upstream in March, Fish fry normally appears the upper river section for
' growth in fresh or brackishwater during May and August. . the abundance of
' zooplankton was inspected and evaluated by the August. The abundance of
zooplankton was inspected and evaluated by the National Inland Fisheries
_Instltutes in 1987, ap_proxamately 47 70% lower than the figure in 1982.

The aquatlc ecology as discussed briefly above will change when the
dwersmn dam has been implemented. Ecology of Bang Pakong river is very
complicate and requires much more time for study in order that it's impact
change can be minimized.

2) Fi_sheries

- Latest information on fisheries in Bang Pakong river was surveyed by
the National Inland Fisheries institute during March 1982 - 1983. As high as
106 species of fishes and aquatic animals including freshwater brackishwater
and marine species was observed with major economic species, respectively, of
Puntioplites protozysron; Macrobrachium rosenbergii, Penaeus monodon;
Loligo sp., and Lates calcalifer; Epinephelus sp. These aquatic animals
distribute and migrate up and down the river according to the changing pattern
of salinity of water due to the intrusion of sea water from the Gulf. the total
catch of fishes and other aquatic animals in the river by fishermen was
estimated at 230 metric tons per year. The most economic species was the giant
freshwater prawn with the average catch of about 23 metric tons per year, (See
Table 13-2). More than 20 types of fishing gear were used by the fishermen in
the river and the major type of fishing gear observed were set bag, drift net and
set bag net.

Presently, such abundance of aquatic animals as well as fishing
activities become considerably lower than the 1982 - 1983 survey, according to
observation and interview with fishermen in field. The probable reasons of
decreasing fisheries resources and amount of eatch include: -

- Illegal use of fishing gears particularly scissor-net at the river
mouth, '

- Water contamination in the river particularly at the river mouth
which is spawning ground of aquatic animals.
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-  High temperature of released water frem Bang Pakong power plant
which forced the fry of aquatlc ammals to mlgrate and grow
'upst.ream : - S -

= The local village'rs who can earn more incom‘e from other activities. -

Tabie1342. Amount of Aquatic Ammals Caught From Bang Pakong Rwer. March 1982 -
February 1983 ' :

' Caﬁght by Amount of Cau,a‘ht Survey from Market (kg)

_ Month _ _Fishermen River Pond Giant Shrimg 'I‘otal :
March 1982 - 9,817 21,360 +-16,430 1,500 39,290
April 29,311 2,174 . - 16,410 2,709 . 21,293
‘May : 39,776 31,016 © 5,260 4,185 40,450
June 67,220 20,589 9,810 . 3,699 © 34,008
July 24,857 18,924 10,890 ' .-540 - - 30,364
August . 7,933 o 1,692 19,200 76 © 20,969
September - 901 22,485 17,280 204 39,969 .
October 5,608 20,091 1,950 2,220 24,261
November . 4714 C 90,042 e S - - 90,042
December 3,088 91,821 2,835 T 2,490 . 97,146 -
January 1983 12,549 46,743 . 5,934 1,695 54,372,
February: - 24,304 71,640 8424 -3,750 83,814
Total 230,183 438,576 114,413 23,0688 576 057
Monthly Average 19,178 36,548 - 9,634 1,922 - 48,004

The construction of diversion dam will inevitably effect migratory of
fry and adult of fishes and some aquatic animals. In Bang Pakong river, the
spawning season of fishes is around April to July, and the. fish fly migrate
upstream to grow during May to August.. the operation of the diversion as well
as engineering facilities design such as provision of fish way should be taken
into consideration.

In this regard, the proposed Project aims to release the minimum flow
discharge at the diversion dam through out a.year even durmg a critical dry
period. As the minimum flow discharge, the river mamtenance water ofa 0.1
m¥/sec/100 km? was employed as a guideline. The minimum discharge of 2 49
m¥sec or 2,15 MCM/10 days from the developed catchment of the Tha Lat river
(2,493 km?) is thus guaranteed by the Project. Figure 18-1 illustrates the
histogram showing the frequency of 10-days during which only the minimum
discharges are released from the diversion dam.- From the said figures,
discharges exceeding the minimum are 80% ensured in April, 90% in May and
June, and 100% guaranteed during the months July to October when the gates
are kept full opened. This minimum discharge will spill aver the regulating
gate(s) with the water depth of 10 to 20 em, through which fishes can proceed
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" FIGURE 13-1 * SEASONAL FREQUENCY OF NINIMUM DISCHARGE AT DIVERSION DAM
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over the gete upStfemn'and downstream. The 'ﬁShwajj oonstruotion will cost too
high to afford facﬂity ot 31hes and aquatlc armnals only ina dry season,

The shrlmp growers downstream of the dwersmn dam w111 he f’ully_'
supphed with freshwater by the ProJect resulting in a great improvement of .
the present growing condition of shrimp. About1 ,000 ha of freshwater fishpond
located nearby the termmal end areas of the existing Tha Lat ‘and proposed
Bang Pakong irrigation main canal are also supplied with adequate volume of
water by the Project, improving existing one cycle of fish culture per year into
‘two cycles and in turn earning the benefit of 16 million baht and 17.7 mﬂhon
bahtin terms of the financial value and economlo value, respectively.

' 3) NlparPalm

_ Presently, nipa is considered as one of economie tree crops among
vﬂlagers located close to the river channels. The growing situation will
therefore be monitored carefully after the pl’Oject implementation.

13-2-3, -Hurﬁan Use Values
1) Water Supplyllrrlgatton

- About 190 thousand of populatlon can be served w1th drmkmg water
allotted from the storage of the diversion dam. Since no groundwater is
available in the vicinity due to acidity, this water supply to be achieved by the
Project will contribute to a great extent to upg'radmg of sanitary standard
among the local inhabitants.

Raw water to be distributed from the diversion dam to 1ndustr1al
sector will promote the estabhshment of 1ndustr1es in the area,

The proposed Project will prowde a’_bout 19,320 ha of farmland in the
existing and 2080 ha in the proposed expansion of Bang Pakong Left Bank
area, accordingly ralslng the cropping 1ntens1ty of the area from 100% up to
150%.

2) Navigation'

Navigation in Bang Pakong river is malnly for passengers travehng
between Muang Chachoengsao and Amphoe Bang Khla, Transport of goods at
the proposed diversion site is rarely observed. If the road linking both the river
banks by way of the diversion dam is provided, a ferry will not be hecessary and
the transportation to the other bank be improved very much. - The
transportation along the river, however, will be interfered by the diversion
" dam. Landing places for passenger boats at the site will therefore unavmdably
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be néeded to tran_éfer the boats. The construc'tion cost of the navigation lock is
too expensive to offer conveniénce to the villagers.

‘Muang Chachoengsao and Amphoe Bang Khla.

The followings are information on passenger boats operating between

Exp'ré.s'sBoat: There“ are 2 boats opérating between Muang
: - Chachoengsao and Bang Khla, 32 persons capacity

Boat No.1

Boat No.1 Boat No.2 Boat No.2

6.30 DepartfromBK - . 12.00 Arrive to BK

7.30  ArrivetoMC 12,30 Arriveto MC _

8.00 - DepartfromBK  13.00 o - Depart from BK

8.30 Departfrom MC 13.30 Depart from MC

930 - Arrive to MC 14.30 Arrive to MC
10.00 - Arrive to BK o . 15.00 Arrive to BK '
1030 - Depart fromMC  15.30 Depart from MC
11.00 - Departfrom BK . 17.00 Arrive to BK

- For Saturday and Sunday, there is only one boat operating during
morning and evening periods without fixed schedule. The boat-fare is 10 baht
per person. . '

Long-tail Motor Boat : About 10 boats operating between
Chachoengsao and Wat Mai Bang Khia.

04.30 First trip departs from Wat Mai Bang Khla and the latters

operate behind 0,5 hrs interval.

05.30 First trip departs from Muang Chachoengsao and the latters

operate behind 0.5 hrs interval.

19.30 The last trip departs from Chachoengsao

The type of boat operate every day, with 10 baht/person boat-fare.

- A new transportation to connect directly the both banks will be
available through a bridge to be installed with the diversion dam. The present
navigation will partially altered by inland transportation system, promoting
(1) mobilization of population in the rural area, (2) mass transportation of fresh
agricultural produets and (3) accessibility to the remote markets,
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13.2-4, Qual:ty of Lufe Values -
1) Socm Economlcs '

4 The pro,}ect cost of 3 979 mllllon baht W111 be mvested in seven year
1991 to 1997. After compilation of the Project, benefits will be extended to
5,140 of farm households and 29,300 persons of populatlon in agnculture sector
and to about 190,000 of service population .in water supply sector.
Establishment of Bang Pakong Industmal estate will be promoted by supply of
raw water from the dlversmn dam

Development of 1nfraetructure for agmcul’sural productlon 1nduetr1a1 '
production and social life will effect 1mportant impacts in envn'onmental
- situation in each sector. : - :

e Asf'regards enVirenment on production, expansion of cropping -
intensity owing to improvement of stable irrigation water supply, promotion of
erop production to meet the trend of market prices, enlargement of labor
market, expansion of commercial productlon to over-come hlgh land prlce ete.
are expected. '

Enwronmental nnpacts on social life are represented by the upgradmg
sanitary standard expansion of job opportunity, inerease in living costs because
of urbanization of rural life, etc :

As for tranSportatmn, mobility of local inhe}oit:ants and mass
marketability using the O & M road along the new main irrigation canal and
new road passing through the diversion dam will become active,

2) Resettlement/Compensation

* Assets to be compensated in Phase-I Project are land fruit trees,
structure lost by construction of diversion dam, pumping station and main
irrigation canal, and dump site borrowed. Compensation cost is estlmated at
375 mllhon baht exeluding physical and prlce contingencies. '

Number of farm household ta be removed due to construction of _
diversion dam is estimated at about 30 and arable and other lands at about 51
ha.

These farmers are almost fruits growers methods to remove- these farm
households are classufied into two; (1) resettlement of or: chard garden 1o the'
land reclaimed in Bang Pakong river (2) monetary compensation. The former
will meet the difficulty on improvement of acid soil and the clayish foundation.
Careful survey on farmer’s attitude and intention has to be carried out by the
Government.
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13-3, Preliminary Environmental Impact Study for Phase il Project
_1'3-3-:1. _ 'Physicai.Re.sources
1) Surface Water Hydrology

Table 13-4 summarizes seasonal inflow and outflow into and from the
upstream storage dams (Rabom and Si Yat) which would represent the
flow regime of the river immediate downstream of the dams, before
and after completion of the Project. From the said table it is quite clear
that the"major'func'tion of these dams is to store river runoff into the
reservoirs during wet season and to release stored water for various

- purposes during dry season,

2) Wéter Quality '

Water quahty of the Sl Yat river is within a suitable limit for domestic

and irrigation uses. However, the Khlong Si yat reservoir have a

character easy to form thermocline. The thermocline is usually formed

during the transition period between cooler season and hotter season.

Once the thermocline i formed in the reservoir, the dissolved oxygen
- will be reduced and water quality will become worse.

3) Sedimentation

In the dam plan, the sedimentation rate has been estimated at about
250 m%km?/year in the reservoir as a safety measurement.

13-3-2. Ecological Resources

It is estimated that about 76% of the reservoir area of under 5,400 ha
or 33,750 rai has been developed as arable land.

Forest land is classified into a dense forest a scattered forest,
controlled by the Royal Forest department. In particular, a scattered forest is
mixed with the fallow land and the land under cleaning. Hence, an accurate

acreage of forest land is not obtainable from the topographic map in scale
10,000. The extent of land with forest, fallow land and land under claring is
estlmated at about 1,245 ha (7,786 rai),

According to the Royal Forest Department the common kinds of trees
are as follows:
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TABLE 13-3 NUMBER OF DAYS WHICH RELEASE DISCHARGE INDICATED

Number of Days j- 1 Frequency of Sfdrage
Hater : : . B B
Year | <Qmin =lnin >Quin | <Full St. =Full 8t
1968 - | i | oess f - |7 gee
‘ 1969“- o _.“'-_. i,_ﬁgEL  ~_286 g 5 3_;ﬁx“f." ' 3355. |
o0 | - | sz | 283 | N T
I R T S - LU A B
FLIPE R 70 | a9 | - | . 366
1973 S T X 200 | - | 365
1974 - wo | 285 | 2l s
1975 |- w0 | o225 20 {0 845
1976 - -« so | e | - | 366
wrr | - | T2 | 203 - | 365
1978 | - 142 23 | .- | 365
w79 | - 43 | 222 - 365
1980 | - 72 294 - 366
et | - | a 284 - 365
1982 - 102 263 - 365
1983 - 70 295 - 365
1984 - 110 T 366
1985 - 92 | 273 - 365
1986 | - 102 | o283 ] - | 385
1987 - | 162 303 R 365
Maximum | = - 183 - | 303 21 368
“Hinimun -1 ez | 202 - 344
Average - 101 265 2 :_ - 363

Notes : 1) Hinimun Dlscharge len
=2,493km*x0. In®/sec/100kn*=2. 493m‘/sec 2. 15MCM/10days
2} Effective storage=30MCH between (+)1.00m~ (-)1. 00m.
Diversion dam is controlled always full whenever storage
is available in upstream dams.
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Main kinds of trees: Lagorstroemla spp;
Temmaha spp., Afzeha rylocarpa crmb

j Other kinds of trees.Irrmgm malayna aliv. spp., D1ahum spp., Shorea
“hemyana pierre syn. s semceiﬂora quh & Flutch
Delbergla spp., ete.. - SR .

. Trees mentioned _ahove will be su!_a_m_erged with water after
construction of the Si Yat dam. Though tree age and stock volume are not
available yet, trees of economical age will be harvested before submerged for
the Government revenue, Harvest of young trees are, however, unprofitable.

13-3-3. Quality of Life Values
1) -Socio-Economics

- The project cost of 8,800 million baht will be invested in seen years -
1992 t0 1998. After completion of the project, benefits will be extended to 9,660
of farm households and 54,500 persons of population in agr iculture sector and
to about 120,000 of service population in drinking water sector. Establishment
of Ploang Yac Industrial Estate will be promoted by supply of raw water from .
the Si Yat storage dam. S _

Development of infrastructure for agriculfural pioduction industrial
production and social life will effect important impact on env1ronmenta1 ’
situation in each sector.

~ As regards environment on production, expansion of cropping
intensity owing to improvement of stable irrigation water supply, conversion of
cassava to fruits and protection of local flood damage are expected,

Enwronmental impacis on soc1a1 life are represented by the upgradmg |
samtary standard expansion of job opportunity, improvement of water quahty
in the Tha Lat main irrigation canal etc.

As for transportation, mobility of local 1nhab1tants, generatlon of -
motorization/mass marketability through use of O & M road along the new
main irrigation canal and the access road with he expected

2} Resettlement/Compensation

The resettlement program is considered as an important step to the
project implementation with the intention of mitigating the impacts on quality
of life values of the reservoir evacuees. According to the RID’s socio-economie
survey in cooperating with JICA staff, the estimate of prospective resettlers is
about 700 households. By applying 15 rai land allotted to each resettlers, the
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size of resettlement area will be as large as 20 km? 1nch1d1ng public area for
common faclhtles : :

Accordlng to-the prehmmary study on submergence condition, a
number of villages will e partially inundated. If possible, the proposed
'resettlement area should be very close to the reservoir area so that the
resettlers can connect normally with theu' relatlves and nelghbours living in
the non- flooded v1llages '

. Compensetlon for mundated/affected propertles is another problem

concerned because most of the inundated villagers have no legal certificate on
their own land, thus they w111 not receive compensation money for this type of
inundated land. In total, there are six types of both legal and habitual land
ownership. However, their movable properties including houses, fruit frees,
crops, animal shelter, fence, well, ete. will be compensated for, ever if they do
not have formal land owners]mps

Part from pmvat_;e' properties, there are also government properties
that require compensation money, i.e., reforest plantation by Thai Plywood
company. For the affected public or governmental properties that will be newly
provided at the resettlement sxte, the compensatlon money will not be paid.

- Assets to be compensated in Phase IT Project are land, fruit trees and
' structure lost construction of Si Yat dam and main irrigation canal.

_ Compensation cost is estimated at 400 million baht excluding physical
and price contingencies.

Number of farm households to be removed due to construction of Si Yat
reservoir are estimated at about 675, about 83% of which desires remove to the
resettlement project area prepared by the Government,

It is recommended that the resettlement project area should be
selected in Ban N ong Pru Kan Yong, Ban Thung Yai Chi and Bam Wang Wong
in Tambon Tha Kialo where irrigation water pumped up from the right bank of
the main irrigation canal will be available.

Resettlement cost is estimatéd at 280 million baht.

13-4, TERM OF REFERENCE FOR FURTHER FULL-SCALE EIS STUDY

" Specific obJectlves of the detalled env1ronmenta1 study for the subject
Project are as follows: :
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. To 1dent1fy the study areas whxch weuld be dlrectly and mdlreetly |
: affected by~ the 1mp1ementatlon of the proposed PI'OJect

- .To describe the exxstmg charactemstlcs and quahty of concerned .
' env1ronmental resources/values (ER/V) of the study area.

- 'To evaluated and predxct the short and long term 1mpacts of the -
proposed PrOJect upon the ER/V, including the defimtmn of degree
of significance and magnitude of the predxcated impacts. This

-assessment should be made for the cases :(1) individual damsite -
Khlong $i Yat dam and Bang Pakong dlversmn dam separately '

and (2) mtegrated effects of both damsxtes

-;”'- 'To prepare recommendatlon on compensatmn and resettlement
plan., : -

~ In order to fulfill the above require'nieﬁts a term of reference for the
farther full-scale Environmental Impact Statement Study has been prepared
Table 13- 5 summanzes the implementation of the proposed Phase I Sub -project. -

TABLE 13 5 TASKS TO BE CARR%ED OUT FOR ENVIRONMENTAL IMPACT ASSESSMENT _
OF BANG PAKGNG DIVERSION

Iinvironmental Data . (l)q‘éeld Field - | - Data I]El‘affelet Reco&n—
Component ~ Collection Review | W8 | Survey Analysis | aton | e
1. Physical Resources : '
1.1 Surface Water X v Y/ NN
Hydrology .
1.2 Surface Water
Quality
1.3 Erosion
1.4 Soilsinirrigation
- Aresa
2. Ecological Resources
2.1 Fisheries
2.2 Aquatic ecology
3. Human Use Values
3.1 Aquiculture
3.2 Water Supply
3.3 Irrigation/drainage
3.4 Navigation
3.6 Livestocl/indusiry
4. Quality of Life Values
4.1 Socio-economic
4.2 Compensation/
Resettlement
4,3 Public Health

Notes X
v
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13-4-1. Termof R'eférehce for the Phase | Sub-Project
) Physncal Resou ree

Surface Water Hvdrologv

After completlon of the proposed Bang Pakong dlversmn dam, the
natural river system of Bang Pakong will be considerably altered during dry
season in particular. Thus it is proposed fo review the change on such
hydrologic regime of the river, then describe the overall effect in the mass
water balance by months and seasons, mcludmg the use of detained water for
beneficial purposes, such as drinking, industry, irrigation fishery and river
- maintenance, - Anticipation on degree of impacts depends on inundation of
lowland along Bang Pakong river banks and tributaries upstream of the
diversion dam; particularly when flash floods occurred. For downstream
section, the water level will be slightly higher than the existing one during
high tide causing more intrusion into river tributaries. The issues of impacts
occurred should also be assessed and mitigation measures are to be
recommended.,

Surface Water Quality

In addition to the review the results of water quality survey made by
NEB as well as by RID during the feasibility study period, supplemental
sampling of water for at least 4 stations is recommended. In consideration of
the purposes of water utilization under with-project condition, the existing
water quality and the sources of water pollution, the water quality parameters
to be analyzed area proposed as follows:

Temperature Conductivity
pH : Nitrate
Turbidity _ Phosphate
Calcium Fluoride .
Magnesium Dissolved Solids
Sodium ' Suspended Solids
Potassium _ Total Solids
Boron Dissolve Oxygen
Residual Sodmm Carbonate - BOD
Bicarbonate Hardness
‘Carbonate ' ' Tron/Manganese

,' Alkahmtyﬂeavy Metals (Cu, Zn, Pb, Cd, Cr, Hg)

“The descrlptmn of water quahty is then prepared for-before and after
prOJect lmplementatlon including both upstream and downstream of the
diversion for monthly and seasonal conditions, including effects of water
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detention on physwal and blologlcal parameters, orgamc compounds and R
pollution parameters such as salinity, dissolved oxygen, BOD, pesticides and
heavy metals in particular. The major sources of effluent water which would
contaminate Bang Pakong river should be evaluated. Those include, for
example, effluent water form Bang Khla and Muang Chachoengsao, swine and -
poultry farms, shrlmp farms, agro -industry and farm dralnage
Recommendatmn on mltlgatmn programs 01 measures to 1mprove water '
be prov.lded A concurrent water quahty monitori ing program is requested to be
-developed in partxcular for upstream of the dwersmn :

Erosmn

Nlpa palm has been observed along the Bang Pakong river bank from '
the Gulf up to about Amphoe Ban ‘Sang Prachinburi. It is ant1c1pated that
_those upstream Nipa plantatmn shall be severely disturbed after.the project
completion, and consequently raising rate of erosion partlcularly during flood
period will be caused. Survey of the existing plantatlon along the affected area
and the de_Scnpt}on of the areas salient to erogion are requested.

Soil

Soil data in the proposed irrigation area (existing Bang Pakong Left
Bank area) including the reconnaissance soil map, land classification for
irrigation and soil sampling and monitoring guideline are available at DLD
. and RID, as already been discussed in the feasibility study report. It is,
however, requested to review the pertinent data and studies and describe the
potential effects of irrigation water on saline and alkaline soils, if any , as well
as probable positive effects on those acid soils,

2} Ecological Resources

Aquatic Ecology

The 11mnet1c ohgohalme boundary is unfized dependzng on t1da1 effect
and seasonal variation, and functions as an interface between saline water and
freshwater organisms. During dry season this limnetic boundary 1 will move far
upstream to around the conﬂuence of Nakhon Nayok and Prachinburi rivers,
consequently marine to brackish fish and- aquatlc organisms inhabit
throughout the Bang Pakong river. These ex1st1ng ecosystem will be
completely changed after the Prcgect Therefore it is needed to review previous
studies on aquatic ecology of Bang Pakong river and also to make an inventory
of aquatic fauna and flora particularly of Nipa Palm upstream and downstream
of the diversion dam, resecting at least 4 sampling stations and monltormg '
them on monthly basis. Then describe new ecology to be created upstream in
partlcular Attention must also be paid on the migration behavior of fish and
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other aquatlc organisms, then descrlbe habitant zoning migrating significance ;
if any, mcludmg its abundance and diversities.

F1sher1es -

: ’I‘he 1nve$t1gat1on on fisherles characterlstlcs carried out by the
Natxonal Inland Fisheries Institute, Department of Fisheries in 1983 and 1987
(Technical Paper No.30 and No, 74) revealed that fish and other aquatic fauna
are still abundant in Bang pakong river, having a tendency to decrease in the
near futtre to be caused by human activities, brackish water fishes in Bang
Pakong river usually spawn at the river month, then its fry travels upstream

for growing. Thus, fishery survey should be conducted to obtain informations
mamly on. specles compnsition/ dwersxty, economic species, primary
productw1ty, rare or endangered species, seasonal change and its significance

S in terms of both economic and ecology. Describe the anticipated effects of the

: Pro_]ect on fisheries. Prov1smn should also be made on the context of fisheries
'management plan.

3) Human Use Values

Aquiculture

- Black tlger shrlmp culture is very popular along Bang Pakong river
banks’ downstream of Muang Chachoengsao to Amphoe Bang Pakong.
' Investlgatmn on the ex1st1ng characteristics of such aquiculture involving
their nature, extent, economic significance, etc, should be carried out. Describe
anticipated impact of the project as well as potentials for improvement
including prediction of a result from increased salinity value in bang Pakong
river, and a provision of adequate freshwater to maintain suitable limit of
salinity.

Wé.f_er Supply

 The data on water supply requirements for various purposes including
domestic and drinking water supply to urban and rural area, industrial
development and aguiculture in addition to irrigation are available in this
study report. It is to, however, required review and update the such data in
cooperation with the agencies concerned. Describe the impacts on improving
availability of the water supply including a consideration of the effects of low
flow augmentation and extent of conflicts among water users.

From a view point of raw water quality, its characteristics as well ag
the sources of water contamination have already been discussed in the Section
A : surface water quality. The request is to evaluate specifically the water

'_ quahty parameters and its trend fo cause the water unsuitable for utilization as
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water supply. Also recommendatmn on 1ssues or programs for xmproved _
quality of raw water supply should be performed : '

Irrxgatlon/dramage N ;

To review, survey and mvestlgate the ex1st1ng and planned 1rr1gat10n
system and then describe the anuclpated 1mpacts of the Pro;ect particularly on-
dramage practlces, mcreased return ﬂow, river water sahmty, the plans for
reuse of return flows and on the stream ecology tobe changed due to return flow
contalmng resuiues of fertlhzers and toxic chemlcals

Nav1gat10n _

Nav1gat10n in Bang Pakong river have been observed However _
supplemental survey on existing nawgatlon characteristics as well as its trend, -
regarding type of:boat, number, purpose and frequency of use, destination, ete.
should be undertaken Also describe anticipated function of the dwersmn dam
on navigation and proposed measures for impr ovement -

L1vestock-and Industrv

Review pertinent data and investigate the extent/characteristics of
livestock in the project area and its vicinity. Particular attention should be
" paid on their water uses and waste disposal maps and tables 1nd1cat1ng their -
location and characteristics should also be presented Describe the petentlals
for agro-industrial development in the 1rr1gat10n areas.

8) Quality of Life Values

Socio-Economy

To survey and describe the characteristic of socic-economy of local
inhabitant in the area and riparian inhabitants both on the proposed
abandoned river channel and downstream. Also to dehneate the plans for
improving the welfare of the affected population,

Cempensatmn

_ ' To estimate the compensatmn cost for propertles to be affected by
construction of the diversion dam The compensation schedule and procedure
should also be prepared. : '

Resettlement
Based on the socio-economic study as well .as on the reeelt”of
negotiation among concerned agencies and those evacuees under the

State/RID’s policy, the consulting service must cover the survey for probable
resettlement site (as needed). Also, the planning and layout on infrastructural
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facilities and occupation/agricultural development as well as amount of budget
reqmred should be prepared

Publlc Health/Samtatmn -

To 1nvest1gate and desc1 1be heaith sanltatmn and nutritional status of
_local inhabitants of the upstream and downstream the diversion site and
irrigation area. In parallel with the mentioned undertaking, those prevalent/
infecting rates and vectors/ intermediate hosts of water borne diseases should
be surveyed/analyzed and described. :

It should be noted that there are several swine farms operated in the
low lying area, particularly in the vicinity of the proposed irrigation areas, it is
‘requested to review pertinent datafinformation and investigation/examination
should be made regarding the possibility of those swine as an intermediate host
of water oriented diseases,

Elaboration of health safeguard/preventive measures is of strong
request,

13-4-2. TERM OF REFERENCES FOR THE PHASE [l SUB-PROJECT

Considering the major features of Khlong Si Yat Dam regarding
reservoir surface water level, effective storage and irrigation area, it is a need
for making a full-scale environmental impact study before the project
implementation, Table 13-16 depicts the list of environmental issues to be
evaluated, with different activities needed.

1) Physical Resource
Climate

Review and analyze the meteorological data in the project area
collected from RID, Meteorological Department and other agencies concerned,
regarding rainfall, temperature, evaporation and evapotranspiration, wind and
humidity. Evaluate potential of the such climatic change particularly on
evaporation and evapotranspiration loss from the Khlong Si Yat reservoir.

 Surface Water Hydrology

The data on surface water hydrology of Si Yat and Tha Lat rivers have
been continuously observed and recorded by RID, and those data concerning to
the water resources management of Si Yat reservoir were analyzed and
presented in this study report. Review the such hydrologic regime that will be
altered by the Project ; including stream flow, flood occurrence, water
utilization for different purposes, ete. Then describe the overall effect in the
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mass water balance by months and seasons, including the use of stored water
for such beneficiaries as the existing Tha lat irrigation and Expansion areas, .
industrial development at Amphoe Plaeng Yao, water supply at Amphoe

- Sanamchaikhet and Phanom Sarakham and downstream flow maintenance,

Flocd mitigation tobe achieved by the Project should also be evaluated.
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‘TABLE 13 6. TASKS TO BE CARRIED OUT FOR ENVIRONMENTAL IMPACT
. ASSESSMENT OF St YAT DAM

13-21

Enmronmental Data’ | Feld [ pild | Data Fifoct | Recom-
, T |Review | Obser- . - Evalu- | menda-
Cﬂmponent Collection . vation | Survey | Analysis| gtion tion
1. thsmal Resources _
1 1.1 °Climate X | Vv NN NN NN v v
1.2 Surface Water X v v NN NN v v
Hydrology
1.3 Surface Water v | Vv v v \4 v v
L. Quality S '
1.4 Ground water R Y % NN v v v
| 1.5 Geology X v | v NN NN Vv \Y
1.6 Erosion/ PA | V vV NN PA v v
, Sedlmentatmn _ SR : : .
1.7 Soils in Reservoir Vool v v v Vv Vv Vv
Aves . . :
1.8 Soilsin _ Vol Vv v v % v A\
Resettlement . | : :
1.9 Seilsin Irrlgatlon : X v o v NIZ v VvV \
Area :
A Ecologmal"Resdurces,
2.1 Fisheries/:. - v v v v v Vv v
. Aquatic Biology
2.2 Forestry/Wildlife/ Vv v Vv v Vv Vv Vv
Watershed
3. Human Use Values | -
3.1 Land Use/ Vv v | Vv A v v v
. CAgriculture : -
3.2 Irrigation/Water PA \ v NN PA v v
Supply
3.3 Land Transpor- Vv v \Y NN Vv v v
tation : ' :
3.4 Navigation - Vv v v NN A\ \ v
3.5 Mineral Resources Vv v v v v v vV
4. Quality of Life Values
4.1 Socio-economic in v v v \% \% v Vv
Reservoir &
" Resettlement ' '
']4.2 Socto-economie in X Vv v v Vv v v
o Irr Area o _ : :
4.3 Compensatlonf Vv v v v \' Vv v
" Reséttlement '
4.4 Public Health v v v v v Vv Vv
4.5 Archaeology Vv Vv v v v v v
{Tourism :
Notes X = Dataavailable in the feasibility study
Vv = Activities to be carried outby Envi. team’
NN = Notnecessary as work will be done by the feasibility study team
PA = Partofdata might need further analysis for EIA




Surface Water Quahtv

The water samples taken from the Sl Yat river and analyzed by HL{D
revealed the river still keeps a good quahty for both 1rr1gat10n and water supply _
purposes. - It ig requested to make an additional ‘survey on physio-chemical
propertxes of Si Yat water upstream’ and downstream of the proposed damsite,
covering wet and dry season periods. The parametei s to be analyzed are in the
following : :

Flow veleclty o .Nltra__t'e '

Temperature ~ Phosphate

pH: : - Fluoride =~

Turbidity - Dissolved Solids

Caleium - Suspended Solids

Magnesium . Total Solids - *

Sodium ~ Dissolved Oxygen
Potassium Hardness

Boron. ' Iroananganese _ '
Residual Sodium Carbonate Heavy Metals(Cu, Zn, Pb, Cd Cr Hg)
Bicarbonate Organo Chlorine
Carbonate - ‘Farcal Coliform

Alkalinity Soluble Sodium Percentage
Chloride" ~Sodium Absorption Ratio™ -
Sulphate L
Conductivity

Then, describe existing condition of surface water quahty of Sl Yat'
river, including contamination of river water quality by various activities.
Also, evaluate the effect of reservoir impoundment on water quality both in the
reservoir area and downstream section, particularly water su1tab1hty for
. proposed utilization. Recommendation on appropriate mitigative measures
should be made if the water quality tends to be more contaminated, and then
make a suggestion on monitoring program also. -

Greundwater

Collect and review available information and data on groundwater
from the responsible agencies as well as from the field observation both in
reservoir vicinity and downstream area. Such data should comprise locations,
seasonal water depth, yield, availability, adequacy and water quality, The
ground water sampling should be carried out in order to analyze the
parameters as proposed in the following ;-

pH Iron

Acidity Manganese
Alkalinity Nitrate
Hardness . Chloride
Calcium - Magnesium
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~Then, describe the possibility of increasing groundwater availability
in villages around and downstream of the damsite as well as the possibility of
reservoir seepage. Recommendation on the possibility of groundwater
developmentin. the project vicinity should also be made,

Geologv Selsmology '

ThlS enwronmental aspects is aiready studied in detalls and presented
in thls study reports. Kev1ew and describe the probable effects induced by the
Project on possﬂ)le land slides of reservoir shoreline and possible geological
failures or changes caused by dam construction and the impoundment,

Erosmn and Sedlmentatlon '

Itis suggested for t;he purpose of adequacy, to make a field observation
on erosion in the deforested watershed area and erosion along Si Yat river
bank. Evaluation of sediment load on the expected effective capacity of the
reservoir as well as recommendation on the plans or measures to minimis
erosion and sedimentation should be performed or provided.

' Smls

Survey 1nvest1gate and ‘describe soil Sl]ltablllty clasmﬂcatmn
particularly for irrigated crops in the existing Tha Lat irrigation area and
expansion area. -Also, conduct permeability test of the irrigated soils at well-
~ distributed sampling stations over the project area. Anticipated positive and
negative effects of providing irrigation water on soil quality including acid and
saline/alkaline soils as well as recommendation on measures to mitigate
negative effects, if any, should be studied.

Regarding the proposed resettlement site, the under taking is to
survey the soil characteristics then describe its suitability/capability for
- different drops and present the results in a form of into a map and table.

2) EcoioglcalResourtes '

Fisheri es/Aquatlc Ecology

The followmg act1v1t1es are proposed for assessment :

. To conduct the ﬁeld samphng program for collectlon of
1_nformat10n of information on aquatic ecology including plankton,
benthos, weeds and fish populationin Si Yat river.

- - To survey fishing act1v1t1es as well as aqulculture in the project
area,
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- To describe new ecology to be expected in the reservoir mcludmg'
‘new fishery to be. created and the plan for its management, |
thermal stratlficatlon and eutrophlcatmn phenomena, and change
“on plankton and benthos pr oduct1v1ty ‘

- "I‘o describe effect of Pro;|ect on downstream aquatw blology and
fisheries, including effects of nutrient trapping in the reservoir
and effects of t‘.he dam in mterfermg with mlgratory spemes

- ;'I‘o study fisherles benefit to be increased in the reservoir and the
losses to be caused in downstream f‘ sherles

- To recommend the momtormg prograrn and ﬁshery/aqﬁiculture
' enhancement program for the Si Yat reservmr

Forestrvfw 11d11fe and Watershed Man agement

~ To conduct a field survey/observatlon and collect data. in the proposed
reservoir area and v1c1mty in the resettlement site, and to mvestlgate the
current condition on forest ecology, wildlife and illegal ‘hunting in the
watershed. Describe the present and future status of the forest in the Khlong Si
Yat watershed and its role in soil and water conservation as well as pmposed
measures for preserving this role. Evaluate the impact of the project on
1nundat1ng forest reserves including the estimates of loss forests through
improved access and communities. The impacts of the project on wildlife in the
watershed area and on fauna to be inundated and the plans for salvaging and
rehabilitation should also be assessed. Besides, the recommendation on the
need for reforestation and watershed rehabilitation, forest/wildlife
conservation and protection should also be elaborated.

3) Human Use Values

Land Use and Ag-riculture

Survey and descrlbe the ex1st1ng land use and agrlcultural
development in the reservoir area and its vicinity, irrigation area and
resettlement site. Evaluate the opportunity loss of land diie to inundation, the
change of land use pattern in the resettlement and surrounding areas and the
land utilization and benefit in the irrigation area including cropping patterns,
productivity and freshwater fish culture in the southern part of Tha Lat
irrigation area. -

Irrigation / Water Suppiv

Review and analyze the existing irrigation and drainage systems as
well as proposed ones for improvement/expansion discussed in this feasibility
study report. Then describe the potential impacts by the project, including
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adequacy of d1 amage facilities, effects of 1ncreased/prov1ded irrigation water on
~ soil characteristics and on normal practice of farming, and effects on increased
pesticide/insecticide causing contammatmn in return ﬂow and further change
‘in water ecology downstream :

: " The' 1mpacts on 1mprov1ng avaxlablhty of the water supply for
communities downstream, Amphoes Sanam Chaikhet and Phanom Sarakham,
as well as industrial development at Plaeng Yao, taking into consideration of
water quahty, should be lnvestlgated

Land ’I‘ransportatwan av1gatmn

, Survey and descrlbe the effect of pro;;ect on probable alternation of
land transportation and navigation in upstream and downstream areas : for
example, plan for road relocation due to inundation, trouble of traffic due to
- construction, deveIOpment of communities caused by 1mproved access road,
trouble on nav1gat10n in Khlong Si Yat if any, and possﬂnhty of navigation in
the proposed reservoir area.,

Mlnera_l Resource

Review relevant data/documents on geolegical characteristics and
conduct ground survey in the reservoir area and vicinity for the purposed of
evaluation of mineral deposits. Also, describe the potential of mineral
development if any.

4) Quality of Life Values

Socio-Economiy

 Review the preliminary socio-economic investigation conducted by
RID during the feasibility study and undertake additional field survey with
questionnaire at the proposed reservoir and resettlement areas. Evaluate their
existing socio- economic status and cultural condition, negative/positive socio-
economic changes to be caused by the project and their attitudes toward the
project development. Recommendation on proper plan/method of evacuation,
compensation and resettlement should be delineated. The necessary socio-
economic inputs for improving the welfare of the resettlers should also be
described.

Compensation/Resettlement

To survey the properties in the Si Yat reservoir area and formulate the
compensation concepts, payment schedule, procedure, compensation rate and
cost estimations. Regarding resettlement aspects, it is requested to summarize
the number of reservoir evacuee that need to join the proposed resettlement
site. Survey the possible resettlement site on its physical agricultural and
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socio-econimic sultablhty ; then, formulate development plan of the selected
resettlement site, including village layout, infrastructural planning and
agriculiural development planning as well as estimation of associated costs
Evaluation of probable environmental effects of the proposed resettlement
schemes should also be made involving effects on forest clearing and wildlife
disturbance, increased erosion/sedimentation due to site development, conflicts
with ex1st1ng 1nhab1tants and effects on pubhc health status.

Pubhc Health / Nutrltm_n

To conduct a survey on public health/nutrition status of residents in
the Si Yat reservoir, proposed resettlement area and irrigation area, as well as
vector survey for specific health problems related water resource development
particularly vector-borne and snail-borne diseases. Then, analyze and evaluate
alteration of the prevalence/mfectlon rates of major diseases and thelr vectors
or intermediate hosts due to the project development as well as effects of
reservoir fisheries on nutrition status of local people. The recommendation on
mitigation/enhancement measures and monitoring program should also be
performed with the main aim for the improvement of existing health conditions
of Si Yat reservoir evacuees.

Archaeological Values

To review and investigate archaeological/historical/religious values
existing in the proposed Si Yat reservoir area and its vicinity, Then, describe
the significance of the sites and artifacts found, and recommend their potential
relocation/preservation of rehabilitation programs for various purposes,

A esthetics/ Tourism

To conduct a survey on tourist characteristics and tourism markets of
the proposed project vicinity. Evaluation of esthetic quality and tourism
potential of Si Yat reservoir, including tourism benefit, as well as identification
of adversed environmental effects resulting from the such tourism development
should also be assessed. Also the recommendation on tourism promotion
program within the vicinity of Si Yat reservoir taking into consideration the
Chachoengsao tourism promotion plan should be elaborated.
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"-.'CHAPTER14. CONCLUSION AND RECOMMENDATION

1 4-1 Conclusu)n

As a result of the overall basin study for the agricultural water resources
development project of Bang Pakong river basin, the Tha Lat river basin project
was selected as the one with top priority from several sub-basin development

o projects.

Contmuously, ‘the fea31b1hty study on the pro;ect has been made
carefully The project has multi-purposes for water resources development, that
is, for irrigation, industry, drinking, and fisheries, and two sub-phased
1mplementat10n schedules

_ .- As stated above it has been found that the project is accorded high
prmnty and great urgency to be developed with water supply for attaining quick
benefits to the project area and accelerating regional development.

| It is, therefore, concluded that after its prudent findings, the Project is
technically feasible and economically viable,

14-2 Recommendation

1) In the time of the implementation of the Tha Lat river basin development
project with storage dam and diversion dam constructions, not only the technical
and economic examinations, but also social or environmental considerations must
inevitably be needed according to the result of the environmental impact study to
be carried out by the third party.

2)  The _facilities plan and their cost estimation made in this feasibility study
must be reexamined at the detailed design stage to enhance their precision.

3) - The organization of the project implementation and their operation and
maintenance must be strongly functioned, because of multipurpose water
resources development schemes and multi-phased implementation programs.
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4) ESpeclally, the control of the water to be released from the dams and the
diversion dain after construction will be qulte important. It must be unifiedly
controlled by the technical officials of the government,

5) . The water management board on a proviﬁeial Ievel'SIie{li& ‘be forga'ﬁized.
to coordinate the water distribution plan hased on the water demand request from
respective sectors for effective utilization of water resources. - . - '

6) The project 1mplementat10n schedule must be phased in confonmty to
water demand tendency, urgency of water supply pohcy, effectweness of
_investment, etc. - S :

7) - The resettlement areas for Khlong Si Yat dam and Bang Pakong
diversion dam must be ﬁnally determined after the more detailed 1nvest1gatmn'
and study.

8) Based on the understanding of the basic concept in which irrigation and
drainage must be separated each other, the irrigation and drainage plans must be
implemented. Besides, RID should educate and cooperate farmers to be benefited
to implement construction works and proper operation/maintenance of the
terminal irrigation and drainage facilities in order to execute quick yielding of the
proposed crop productions, ' :

9) . So as to bring the cultivation technic of diversification crops and
transportation system on a higher level, administratively and financially
assisting countermeasures for such agricultural supporting services as
agricultural extension, farmers’ organization, credit, clreulatmg system, etc. will
be required.

10) The diversion dam works to be 1mp1emented ‘near the existing
communities require the treatment of plenty of dredged soil. Acqu181t1on of the
land to fill up the soil and how to use the filled land must be seriously examined,

1) Since the construction of conducting facilities for ihdﬁ_strial and domestic
water supplies is concurred with the construction of the diversion dam and
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| iri‘igation'facili'ties, scruptilous coordination will be necessary for implementing
the project harmoniously and economically.

12) The topographic survey and geological investigation must be carried out
for further detailed design, land acquisition and construction works,

.- Topographic surveys. for storage and diversion damsite and main
irrigation/drainage facilities.

- (eological investigations for storage and diversion dams and major
facilities related..

13) Since the arrears of the planned construction schedule influence upon the
economy of the investment, the construction works on time will be inevitably
needed.
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